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Abstract 

With the introduction of safe and highly efficacious direct-acting antivirals (DAAs), 

elimination of HCV has become more viable. The World Health Organisation set the 

targets of reducing HCV incidence and mortality by 2030 to achieve this goal. To meet 

these goals, increased consideration is required of those most at risk of HCV, such as 

people living with HIV (PLWH) due to the shared routes of transmission. Data from 

the EuroSIDA study has been used to investigate the epidemiological characteristics 

of HIV/HCV co-infected individuals in Europe, with a specific focus on regional 

differences in DAA effectiveness and treatment outcomes. 

 

My findings show that there were major gaps at all stages of the HCV continuum of 

care among PLWH for all regions in 2015, with only 78% of anti-HCV positive 

individuals receiving a HCV-RNA test, 47% of those HCV-RNA positive starting HCV 

treatment and 23% achieving SVR. By 2017 there were improvements in the 

transition of individuals through stages after improved access to DAAs, as 83% of 

individuals who were anti-HCV positive were HCV-RNA tested, 61% of those HCV-RNA 

positive received treatment, and 42% achieved SVR. Among individuals treated with 

DAAs who had a known treatment response, 91.5% achieved SVR12. There was no 

evidence of regional differences, indicating high rates of SVR12 can be achieved 

across all European regions in real-world settings. The proportion of individuals who 

were reinfected within 24 months of achieving SVR was 7.7% among HIV/HCV co-

infected individuals, with evidence of regional differences. There was also evidence 

to suggest that the odds of individuals being reinfected decreased over time. 

 

The findings from these studies highlight the effectiveness of DAAs and their positive 

impact on the outcomes of HIV/HCV co-infected individuals. However, to achieve the 

goal of HCV elimination by 2030, improvements in HCV screening and access to DAAs 

is urgently required.  
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Impact statement  

Among HIV/HCV co-infected individuals, a large proportion are people who inject 

drugs (PWID) who face multiple forms of stigma and discrimination, impacting their 

access to equitable healthcare. To achieve the World Health Organisations (WHO) 

target of eliminating HCV by 2030, it is important to have accurate and up-to-date 

data on the changing epidemic, especially among groups that face structural barriers 

to care. This is necessary to inform decision-making and resource allocation to ensure 

all HCV-positive individuals are engaged in all stages of care. The analyses presented 

in this thesis provide a number of valuable findings that can be used by researchers, 

healthcare practitioners, and policymakers to ultimately optimise the health and 

wellbeing of this key population. 

 

I established a standardised methodology for describing the cross-sectional HCV 

continuum of care, which highlighted gaps where interventions need to be targeted 

to ensure individuals achieve cure. This is also useful for policymakers to monitor the 

effectiveness of their response to the epidemic, and progress towards the WHO 

elimination targets. The method I developed has been used by national HIV cohort 

studies in Europe to evaluate the HCV epidemic among their population. I also 

explored a novel technique for describing the longitudinal continuum of care over 

time, which is the first time this methodology has been applied in the HCV context. 

This method provides further insight into how individuals transition through care 

over time, and also allows for exploration of retention in care. This is useful for 

researchers looking for meaningful ways to explore how individuals transition 

through care over time and can be used to complement the traditional cross-

sectional approach.  

 

I also presented data on the effectiveness and safety of DAA treatments in HIV/HCV 

co-infected individuals. This was one of the first studies to provide real-world data on 

the effectiveness of DAAs in Central-East and Eastern Europe. The findings can be 
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used by policy makers, healthcare practitioners, and advocates to support the 

treatment of all individuals with HCV, regardless of co-infection with HIV, which is in 

line with European treatment guidelines. 

 

Preventing reinfection after cure is essential to achieving HCV elimination and was 

therefore explored in this thesis. The findings highlight the importance of healthcare 

providers continuing to engage, support, and frequently test individuals at high-risk 

of reinfection to identify and treat HCV early if it reoccurs. There was no evidence of 

higher reinfection of HCV among PWID, which can help reduce stigma around 

treating PWID.  

 

The findings from this thesis have been disseminated to the public, researchers, and 

policy makers via peer-reviewed journals and international conference posters and 

orals. The findings were also able to reach a wider audience as the results have also 

been reported in articles targeted at communities affected by HIV. 
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Chapter 1 Introduction 

This chapter provides a comprehensive background of the epidemiology and biology 

of HIV and HCV at the start of my PhD in 2017. 

 

1.1 HIV and AIDS 

1.1.1 Epidemiology 

Global disease burden is shifting from infectious illness to non-communicable 

diseases, however, HIV/AIDS is still one of the leading causes of death and disease 

burden globally (1,2). According to the Joint United Nations Programme on HIV/AIDS 

(UNAIDS) 2017 report, 35 million people have died from AIDS-related illnesses, and 

more than 70 million individuals have been infected with HIV since the beginning of 

the epidemic (3). They also reported that in 2016 an estimated 36.7 [95% confidence 

interval (CI) = 30.8-42.9] million people were living with HIV worldwide, 2.1 [95% CI = 

1.7-2.6] millions of whom are children under 15 (3).  

 

Figure 1.1: Number of new HIV infections, by calendar year (4) 
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The global incidence of HIV reached its peak of 3.3 million new infections in 1997. 

This was followed by a period of sharp decline between 1997 and 2005, where the 

incidence decreased by approximately 4.8% per year (5). The number of AIDS-related 

deaths has fallen by 48% since its peak in 2005, from 1.9 million to 1.0 million (4). The 

decrease in HIV incidence and AIDS-related death is mainly attributed to the global 

upscale of antiretroviral therapy (ART) (4,5). In 2010, 7.7 million people living with 

HIV (PLWH) had access to ART and by June 2017, 20.9 million people were accessing 

treatment, however, around 43% of PLWH still do not have access to ART (4). While 

there has been a fall in HIV incidence, the decrease in the number of AIDS-related 

deaths means that there has been an increase in the number of people living with 

HIV.  

 

In September 2000, world leaders met in the United Nations Headquarter in New 

York and adopted the United Nations Millennium Declaration (6). This was a 

commitment to a global partnership for development in areas such as health, poverty 

and education. It included specific targets that were to be achieved by 2015, which 

became known as the 8 Millennium Development Goals (MDGs) (7). Great progress 

was made towards goal number 6, to ‘Combat HIV/AIDS and other diseases’; new HIV 

infections fell by 40% between 2000 and 2013, by June 2014 13.6 million PLWH were 

on ART (a huge increase from 800,000 in 2003) and 7.6 million AIDS-related deaths 

were averted (8). In November 2001 the Doha Declaration was adopted, which 

allowed developing countries to circumvent patent rights and manufacture generics, 

which provided better access to essential HIV medication (9). In 2011, UNAIDS set the 

goal to treat 15 million people by 2015, this target was achieved in March 2015, which 

was another great global accomplishment (10). Post-2015, the 17 Sustainable 

Development Goals (SDGs) were established by the UN to build on and complete 

what the MDGs did not achieve (11). Goal 3 ‘Ensure healthy lives and promote well-

being for all at all ages’ included the target to end the AIDS epidemic by 2030 (11). To 

do this, the 90-90-90 goals must be achieved by 2020 (12). This means that 90% of all 

PLWH are aware of their HIV status, 90% of all people diagnosed with HIV infection 

will receive ART and 90% of all people receiving ART will have viral suppression (12). 
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However, while the number of new HIV infections has been declining, the Fast-Track 

Target agreed upon by the United Nations General Assembly in 2016 required fewer 

than 500,000 new infections per year by 2020, and the current rate of decline does 

not seem fast enough to reach this target (Figure 1.1) (13).  

 

While 53% of all PLWH had access to treatment in 2016, this varied depending on age 

group, as only 43% of children aged 0-14 had access to ART in comparison to 54% of 

adults aged 15+ (3). Women account for 51% of PLWH, with young women (aged 15-

24) being twice as likely to acquire HIV as their male counterparts (14). However, due 

to higher treatment coverage and treatment adherence, AIDS-related death was 27% 

lower among women and girls (4). Yet, AIDS-related death is still the leading cause of 

death among 15-49 year old females (14). 

 

The prevalence and incidence of HIV vary greatly by region, with HIV having a 

disproportionate impact on sub-Saharan Africa (Figure 1.2) (15). There were 25.5 

million PLWH and 1.16 million new infections in Sub-Saharan Africa in 2016, meaning 

Sub-Saharan Africa accounted for 69% of the global prevalence and 64% of the global 

HIV incidence in 2016 (Figure 1.3) (4). Women and girls account for 59% of the total 

number of PLWH in this region, with 3 in every 4 new infections in Sub-Saharan Africa 

among 15-19 year olds occurring in females (14).  

 

The main route of transmission varies by the prevalence of HIV. In settings where 

there is a high HIV prevalence, young women are at high risk of infection, with women 

aged 15-24 making up 26%, 22% and 17% of new HIV infections in 2016 in Eastern 

and Southern Africa, Western and Central Africa and the Caribbean, respectively (4). 

However, in lower prevalence settings, HIV infections occur mainly in key 

populations; people who inject drugs (PWID), sex workers, transgender people, 

prisoners, gay men and other men who have sex with men (MSM) (4). These key 
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populations made up 80% of new infections outside of Sub-Saharan in 2015 (4). While 

the proportion of HIV infections in key populations is much higher in the rest of the 

world, key populations still make up 25% of the prevalence in Sub-Saharan Africa (4). 

 

Figure 1.2: Number of people living with HIV in 2016 (16) 

 
 

 

 
Figure 1.3: Number of new infections over time, by region (4) 
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Figure 1.4: Number of new infections in 2016 and changes since 2010 (16) 

 

 

European Epidemic 

The number of people living with HIV in Europe is comparably lower than other 

regions (Figure 1.2) (4). However, while the number of new infections globally has 

been decreasing over time (Figure 1.1), the number of new HIV infections in Eastern 

Europe and Central Asia region has increased by 60% since 2010 (Figure 1.4) (4). 

There has also been a 38% increase in AIDS-related mortality in this region over the 

past 10 years, despite the decline in AIDS-related deaths globally (4).  

 

In 2016, 160453 new HIV diagnoses were reported from 50 of the 53 countries in the 

WHO European Region (17). This number equates to a rate of 18.2 newly diagnosed 

infections per 100,000 population (17). However, the epidemic is not homogeneous 

across Europe, with the Eastern Region most affected (17). Of the 160453 newly HIV 

diagnosed in Europe, 128,079 (80%) were from the East, 103,438 (81%) of whom 

were reported in Russia (17). This means Russia accounted for 64% of the new HIV 

infections in Europe in 2016 (17). Russia also had one of the highest rates of new 

infections per 100000 population (70.6), followed by Ukraine (33.7), Belarus (25.2) 

and Moldova (20.5) (17). There were 26602 (17%) new infections in the West, and 



26 
 

5772 (3%) in the Centre. These numbers correspond to a rate of 50.2/100000 in the 

East, 6.2/100000 in the West, and 2.9/100000 in Central Europe, therefore the rate 

in the Eastern region is 8 times higher than the West and 17 times higher than the 

Centre (17).  

 

The rate of new HIV infections in the WHO European Region was 12/100000 in 2007 

and by 2016 the rate had increased 52% (17). The main driver of this increase is the 

95% rise in the rate of new infections in the East, which was 25.7/100000 in 2007 and 

50.2/100000 in 2016 (Figure 1.5) (17). However, there has been a surge in HIV tests 

performed for diagnostic purposes, increasing by 58% from 14077542 in 2007 to 

22192146 in 2016 (based on 31 countries with data in both 2007 and 2016) (17). 

Countries in Eastern Europe tended to report higher testing rates, however, there 

was lots of variation across the Region and limited data (17). 

 

Across the different regions, there is also variation in the main mode of transmission, 

which highlights the differences in the HIV epidemic in the region (17). The main 

route of transmission in Western and Central Europe is sex between men followed 

by heterosexual transmission, while the main route of transmission in Eastern Europe 

is heterosexual contact followed by injecting drug use, with sex between men only 

accounting for 3.7% of the new HIV infections (Table 1.1) (17). Across the WHO 

European region, there has been a 23% increase in the number of new diagnoses 

through heterosexual contact and a 10% increase in transmission through sex 

between men between 2007 and 2016 (17). There was a 40% decrease in 

transmission through injection drug use, however data from Russia as well as seven 

other countries (see footnote of Figure 1.6 for details) were not included in this 

analysis, which accounted for a large number of new diagnoses in this region (17). 
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The increasing HIV incidence in the Eastern Region is partly attributable to the 

collapse of the Soviet Union in the early 1990s (18). This led to increases in 

unemployment as well as other social and economic changes (18). These changes 

negatively impacted the health structure in the region and led to wider economic 

inequalities, which, in conjunction with a huge increase in injection drug use has 

fuelled the HIV epidemic in Eastern Europe (18). Therefore it is important that 

preventative measures are put in place to curb the spread of HIV in this region (19). 

While the main route of transmission is no longer injecting drug use, PWID still 

accounts for a large proportion of those newly infected. However, despite the 

evidence to suggest needle syringe exchange programmes and opioid substitution 

therapy (OST) can reduce HIV incidence (20), OST and other harm reduction services 

are not adequate as only 1% of injection drug users (IDUs) receive OST in Eastern 

Europe (21). Low rates of OST are partly due to harm reduction services being 

criminalised in certain countries. OST is illegal in Russia, despite having one of the 

highest rates of opioid use in the world, as well as increasing HIV rates (22,23). The 

government’s punitive policies towards drug use means PWID are not freely able to 

access treatment and services and there have been huge human right violations (22). 

OST is also prohibited in Turkmenistan and Uzbekistan (22). 

 

Table 1.1: New HIV diagnoses in WHO European Region, by region and EU/EEA (17) 
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Figure 1.5: Rate of new HIV diagnoses by year of diagnosis in WHO European Region, by 
region and EU/EEA (17)  

 
 
 
Figure 1.6: New HIV diagnosis in WHO European Region (2007-2016), by transmission 
mode (17)  

 
 

1.1.2 History of HIV 

AIDS was internationally recognised in the 1980s, however, the earliest case of AIDS 

was identified retrospectively from the medical records of a 25 year old sailor from 

Manchester who died of an AIDS-like illness in 1959 (24). Phylogenetic analysis was 

later used to identify the first recognised infection of HIV from a biopsy specimen 

from a female from Kinshasa, obtained in 1960 (25). This study estimated the first 

HIV infection to have occurred in 1921 (95% CI = 1908-1933) (25). 
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There are two types of HIV, HIV-1 and HIV-2, which differ based on their genome 

organisation and phylogenetic relationship with other primate lentiviruses (26). 

While HIV-1 and HIV-2 both originated from simian immunodeficiency virus (SIV), 

HIV-1 is thought to have originated from SIV in chimpanzees and gorillas while HIV-2 

is genetically closer to the sooty mangabeys monkeys SIV (27,28). HIV-1 and HIV-2 

both entered the human population through zoonotic (cross-species) transmission 

(26). This could have happened as a result of humans having direct exposure to 

animal blood as a result of hunting or eating chimpanzees, which was traditionally a 

subsistence activity in the regions (26). As a result of this practice, the prevalence of 

SIV antibodies in villages where bushmeat is hunted is 7.8% (29). This suggests that 

the SIV infection occurred in humans prior to the early 1900s, however, these isolated 

infections did not turn into epidemics (30). The social disruption in the region due to 

colonialism was paramount in creating conditions that promoted the epidemic 

spread of HIV (26,30). Colonial practices such as enslavement, labour camps, forced 

resettlements, and nonsterile vaccination alongside the practice of hunting bush 

meat, created prime conditions for the epidemic to spread (26,30). 

 

HIV was estimated to have first been introduced to the US population in 1969 (31). 

However, the first case reports of what was later known as HIV infections were made 

in 1981, when five cases of a rare opportunistic lung infection known as Pneumocystis 

carinii pneumonia (PCP) (now known as Pneumocystis jirovecii pneumonia (PJP)) 

were found in young healthy men in Los Angeles (32). Around this time there were 

reports of a rare and aggressive cancer Kaposi’s sarcoma (KP) in New York and 

California (33). These individuals were also found to be immunocompromised. At the 

time, the occurrence of these opportunist infections was rare and had very high 

mortality rates. The initial cases were found exclusively in young gay men, which 

meant there was speculation that their lifestyle was somehow responsible (34,35). 

However, by December of that year, there were reports of PCP in intravenous drug 

users (36), and by the following year, there were cases in people who received blood 

transfusions (37,38) and children of individuals from these risk groups (39). Around 

the same time, cases of PCP and KS were also being reported across Europe (40) in 
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countries such as the UK, Spain and France (41–43). There were also cases of a new 

fatal disease in Uganda known as ‘slim disease’ (44,45). 

 

The term Acquired Immunodeficiency Syndrome (AIDS) was defined in 1982 by the 

CDC as ‘a disease, at least moderately predictive of a defect in cell-mediated 

immunity, occurring in a person with no known cause for diminished resistance to 

that disease.’, which allowed for monitoring and surveillance of the disease (46,47). 

By September 1982, there were on average 1-2 new cases being reported every day 

in the US (46). 

 

HIV was identified in 1983 by a French team at the Pasteur Institute led by Luc 

Montagnier and Françoise Barré-Sinoussi (48). What they named Lymphadenopathy 

Associated Virus (LAV) was isolated in an individual at risk from AIDS. A year later in 

1984, a new retrovirus named Human T-cell Lymphotropic Virus 3 (HTLV-III) was 

discovered in the US by Robert Gallo’s lab at the National Institute of Health (NIH) 

(49). It later transpired that LAV and HTLV-III were the same virus, and likely to be the 

cause of AIDS (50). However this led to a lengthy controversy between the team at 

the Pasteur Institute and the NIH team, as the team in Paris had sent their sample to 

the NIH group before Gallo’s publication, however, Gallo was cleared of all suspicions 

of misconduct (51). In 1991, Nature published a letter from Gallo, admitting that the 

virus he discovered actually came from a sample that had been contaminated by the 

French virus (52). In May 1986, LAV and HTLV-III were re-named Human 

Immunodeficiency Virus (HIV) by the International Committee on the Taxonomy of 

Viruses (53,54). This initial discovery of LAV/HTLV-III was actually HIV-1 (group M) 

virus, which is the more common strain and has a stronger association with 

progression to AIDS (26)(55) and what this PhD thesis will be focusing on. The HIV-2 

virus was discovered slightly later in 1986 (56). HIV-2 is less infectious, spreads at a 

slower rate, has slower progression to serious symptoms and is mainly found in West 

Africa (57,58). 
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1.1.3 Pathogenesis of HIV infection 

Lentiviruses, from the Latin lentus for ‘slow’ viruses, are characterised by having a 

long incubation period (the interval between infection and the development of 

serious symptoms) and can cause a wide range of pathologies in humans and animals 

(59–61). According to the International Committee on the Taxonomy of Viruses 

(ICTV), there are ten species of lentivirus, eight of which are found in animals, and 

two of which are found in humans, HIV-1 and HIV-2 (62). The lentivirus genus belongs 

to the retrovirus family, which are a class of viruses that store their genetic 

information in ribonucleic acid (RNA), as opposed to human genes which are made 

of a related molecule called deoxyribonucleic acid (DNA) (63). Retroviruses are 

unique, as they contain the enzyme reverse transcriptase which is used to convert 

the RNA into viral DNA through the process of reverse transcription (63).  

 

The HIV-1 particle has a spherical shape and a diameter of about 120 nanometers 

(nm) (64). It is surrounded by a viral envelope, which protects the internal 

components of the virion and contains proteins that interact with host cell surface 

proteins, leading to the fusion of the viral membrane and cell membrane (64,65). The 

HIV core is encased in a cone-shaped protein shell called the capsid that protects the 

virus from the host’s immune system (66). The HIV core contains two copies of the 

single-stranded HIV RNA genome, reverse transcriptase, integrase and other viral 

proteins (66,67).  

 

The primary function of the immune system is to defend the body from pathogens, 

which are organisms such as viruses and bacteria that can cause diseases (68). 

Molecules on pathogens called antigens allow the immune system to differentiate 

pathogens from the body’s own cells and tissues and react (68). B-cells mainly 

produce antibodies against specific antigens while T-cells are crucial in coordinating 

the immune response to antigens and stimulating the production of antibodies (68–

70). HIV prefers to infect cells with a CD4+ receptor (which are molecules on the 
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surface of the cell) to which the virus can bind, such as macrophages and T-

lymphocytes, which are both types of white blood cells (57,71). HIV also makes use 

of chemokine co-receptors (CCR5 and CXCR4) during the binding process, which are 

found on CD4-expressing cells (e.g. T-helper lymphocytes, thymocytes, dendritic cells 

and macrophages), therefore the main target cells of HIV are CD4+ T-cells and 

macrophages (72). As HIV primarily infects and replicates within CD4 cells and 

destroys them, the number of CD4 cells depletes as the infection progresses (69). The 

damage HIV causes to the immune system makes it less capable of carrying out an 

effective immune response, leading to an increased susceptibility to opportunistic 

pathogens (73). There are a small number of individuals (known as elite controllers) 

who are infected with HIV but are able to remain healthy and maintain a normal CD4 

cell count for over 20 years, this is due to their strong cellular immune response 

(74,75). 

 

Figure 1.7: The HIV replication cycle (67)  
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The HIV replication cycle describes the stages the virus undergoes from first contact 

with the host cell to the production of new infectious particles that can then infect 

other target cells, this process is shown in Figure 1.7 (64). The HIV virion binds to the 

target cell using the HIV surface glycoprotein gp120 and the CD4 receptors on the 

surface of the cell (66)(71). It then fuses to the cell membrane using co-receptors 

CXCR4 or CCR5. CXCR4 is mainly expressed on CD4+ T-cells, whereas CCR5 is also 

expressed on macrophages. The gp120 protein on the surface of the virus can have a 

preference for a type of co-receptor, which determines whether it is an (R5-) m-

tropic, (X4-) t-tropic or (R5X4-) dual-tropic virus (55). Initial infection is usually via an 

m-tropic virus with a broadening of receptor usage later in the infection, which leads 

to strains that can utilise CXCR4 co-receptors and progression to AIDS (57) 

 

The viral core enters the host cell cytoplasm and ‘uncoats’, releasing RNA and 

replication enzymes. Once inside the host cell cytoplasm, the enzyme reverse 

transcriptase converts each of the two copies of HIV RNA to one DNA copy through 

reverse transcription (67). The DNA genome is then transported into the host cell’s 

nucleus and using the viral integrase enzyme it is combined with the host DNA (27). 

This process is known as integration and allows the virus to use the host cell’s genetic 

machinery to make new viruses (67). At this stage, the cell is latently infected and 

does not produce the virus until it is activated. On activation, the DNA is then 

transcribed into a new strand of RNA called messenger RNA. These are then carried 

outside the nucleus into the cytoplasm of the cell, where the HIV protease and host 

protease enzymes translate them into small pieces of functional protein which are 

used to build the HIV virion. Once the HIV-RNA and other virus building blocks gather, 

core proteins form a new capsid around them. The capsid then buds from the cells 

surface, creating a new HIV virus that can mature and infect other cells. 
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1.1.4 Transmission 

Transmission occurs from the mucosal membrane or blood being directly exposed to 

infected bodily fluids (76). While HIV is present in most bodily fluids including blood, 

semen, cervical secretions, breast milk, sweat, tears, and saliva, this does not mean 

the virus can be transmitted through all these fluids, as the concentration of the virus 

varies considerably depending on location (58,76). As the concentrations are 

undetectable in bodily fluids such as sweat, tears and saliva, it is not possible for 

transmission to occur through casual or social contact (76,77). In 1983 CDC ruled out 

transmission by casual contact, food, water, air or surfaces (78). The largest 

concentrations of HIV are found in blood, semen and cervical secretions, making 

them the most infectious (76). Transmission can occur either horizontally through 

sexual contact and blood to blood contact or vertically from mother to child (67).  

 

Latent HIV reservoirs (cells that are infected with HIV but not actively producing the 

virus) in blood and lymphoid tissue are established early on in the infection (79). 

Evidence of postintegration latency in resting CD4 T cells was established in 1995 (80). 

While ART can reduce the level of HIV in the blood, it cannot eradicate latent 

reservoirs (79). However, taking ART as prescribed can reduce the viral load to the 

point of viral suppression (less than 200 copies of HIV per ml of plasma) or an 

undetectable viral load (a test cannot detect the virus) (81). Keeping HIV suppressed 

or undetectable has many health benefits, it can also eliminate the risk of 

transmission (82,83). The risk of transmission varies greatly depending on the amount 

of virus in the body at the time of exposure, as the higher an individual’s viral load is, 

the more likely they are to transmit the virus onwards (84). 

 

1.1.4.1 Sexual transmission  

Sexual transmission is the most common route of transmission worldwide (76). There 

are behaviour and biological factors associated with sexual transmission, such as the 

type and frequency of sexual contact, the use of condoms, circumcision (men), and 
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AIDS status (85). However, the strongest risk factor associated with sexual 

transmission is the viral load of the infected partner (85). As gender and route of sex 

have been shown to affect the risk of transmission, the sexual transmission risk group 

is generally split into heterosexuals and men who have sex with men (MSM) (86).  

 

The HPTN 052 trial was carried out across 9 countries and enrolled 1763 couples 

between 2007 and 2010 (87). The study results showed that early initiation of ART 

could reduce the risk of onward transmission by 96% among serodiscordant couples 

(87). However, more recent studies show that PLWH who take ART and are virally 

suppressed have effectively no risk of transmitting HIV to their HIV-negative sexual 

partners (83). These studies provide evidence of the effectiveness of the Treatment 

as Prevention (TasP) strategy, which is now being used as a public health intervention 

to reduce the spread of HIV (88,89). Pre-exposure prophylaxis (PrEP) can help to 

prevent HIV infection in individuals who are HIV-negative but at high risk of becoming 

infected. The FDA approved PrEP (Truvada) for HIV negative individuals in 2012 (90). 

Truvada can be taken orally once daily or on-demand in MSM, and is a combination 

of emtricitabine and tenofovir disoproxil fumarate (90,91). The PROUD study was an 

open-label randomised trial carried out across 13 sexual health clinics in England to 

explore the effectiveness of PrEP in a real-world setting, among HIV-negative MSM 

at high risk of HIV (92). Results from the PROUD study showed that when PrEP is 

adhered to, the chance of HIV transmission is reduced by 85% in MSM in a real-life 

setting (92). They also did not find any evidence to suggest that the use of PrEP would 

increase the risk of other sexually transmitted infections (92). 

 

Anal sex is associated with the greatest risk for HIV infection or transmitting HIV, as 

the lining of the rectum is thinner than vaginal tissue, allowing the virus to enter the 

bloodstream (84,93). In 2015 the CDC reported that 67% of new HIV infections in the 

US were among gay and bisexual men (93). Gay and bisexual HIV positive men are 

also at an increased risk of acquiring other sexually transmitted diseases such as 

syphilis, gonorrhoea, chlamydia and lymphogranuloma venereum (76). Having 
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multiple sexual partners (without condom use) can also increase the risk of getting 

HIV (94). The majority of HIV cases globally are not due to homosexual transmission, 

however, the connection between homosexuality and HIV since the beginning of the 

epidemic has contributed towards stigma and discrimination towards MSM (95). 

Homophobia and criminalisation of homosexuality in many countries can increase 

vulnerability to infection and make the development of effective public health 

interventions more difficult (95). 

 

While sexual contact between men is the major transmission risk in high-income 

countries (HIC), heterosexual sex is responsible for the majority of the transmission 

in middle and low-income countries (LIC) (76). Women have a higher risk of infection 

than men during heterosexual contact, as the vagina is more prone to erosions and 

has more mucous area than male genitalia (96). In 2016, the number of new 

infections was 44% higher in young women aged 15-24 than men in the same age 

group (4). HIV also disproportionately affects women and adolescent girls as they are 

more vulnerable to violence and violations of their sexual and reproductive rights 

(97). In 2006, a randomised controlled trial in South Africa, which included 3274 

uncircumcised men aged 18-24, showed that male circumcision reduced the risk of 

female to male HIV transmission by 60% (98). The World Health Organization 

encourages the use of male circumcision as a preventative tool in countries/regions 

where there is a high HIV burden due to heterosexual transmission with a low 

prevalence of male circumcision (99). 

 

1.1.4.2 Blood-to-blood 

HIV can be transmitted through infected blood or blood products, this could be 

through sharing or re-use of contaminated needles and syringes, through blood 

transfusion or healthcare workers contact with infected blood (76,100). In the early 

stages of the HIV epidemic blood products were not screened for HIV. A number of 

individuals, such as those with haemophilia who require a blood coagulant factor, 

those in need of a blood transfusion, or organ or tissue replacement were exposed 



37 
 

to infected blood products and contracted HIV (101). Approximately 90% of all 

individuals receiving a blood component from an HIV positive individual (who does 

not take viral suppressive ART) will contract the virus (102). However, since the 

licencing of the first HIV antibody screening test in 1985, blood products are routinely 

screened for HIV (103). In 1983 the CDC published recommended precautions for 

healthcare workers and allied health professionals to reduce the risk of HIV 

transmission (104). Also, due to universal screening of blood products, this mode of 

transmission has almost been eliminated in HIC (76). 

 

The re-use or sharing of syringes or needles amongst people who inject drugs is the 

most common source of blood-to-blood transmission. Globally there are 12.7 million 

people who inject drugs, 13% of whom are HIV positive (105). The prevalence of HIV 

is estimated to be 28 times higher in PWID than in the rest of the adult populations 

(105). The current global policy on drug use focuses on prohibition and 

criminalisation, which can fuel HIV transmission as these frameworks mean PWID are 

less likely to access HIV prevention services, testing, treatment or healthcare 

(76,106). Harm reduction strategies aim to reduce the health, social and economic 

harms of drug use without requiring people to stop using drugs, which helps to 

reduce HIV transmission among PWID as they are less marginalised and are able to 

engage with health services (106). However as mentioned earlier, there are a number 

of countries with punitive policies towards drug use, where harm reduction services 

are illegal (22). Of the 158 countries where injecting drug use has been documented, 

91 countries have a national policy on harm reduction, 90 have at least one needle-

syringe exchange program and 80 provide opioid substitution therapy (106). The 

2011 Political Declaration on HIV set out the aim to halve HIV transmission among 

PWID by 2015. However, this goal was missed by 80%, highlighting the lack of 

effective interventions among PWID, as harm reduction services are generally 

underfunded and lack political support (106,107).  
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1.1.4.3 Mother to child 

Mother-to-child (vertical) transmission can happen in utero, during labour, delivery 

or breastfeeding (76). Almost all children with HIV are infected through vertical 

transmission (108). In 1985 the U.S. Public health service issued recommendations to 

help prevent mother to child transmission (109). In 1994 zidovudine was found to 

reduce vertical transmission from 25% to 8% (110,111). After zidovudine was found 

to be effective in reducing transmissions, there were a number of trials in LIC that 

were aimed at identifying shorter and cheaper regimens. However, as many of the 

control groups in these trials were given a placebo rather than the zidovudine 

regimen used in HIC, these trials were deemed unethical (112). 

 

In most countries, it is recommended that pregnant women are tested for HIV, as the 

risk of transmitting HIV vertically can be reduced substantially if the mother is 

receiving ART (76,113). Globally there has been a 47% decline in new infections 

among children since 2010, which coincides with a 29% increase in the coverage of 

ART among pregnant women living with HIV (4). However there were still 160000 

new HIV infections in children in 2016, and 23% of pregnant women did not have 

access to ART (4). Also, vertical transmission is more prevalent in LIC than the HIC, 

where the transmission rates are almost zero (76).  

 

Transmission rates can vary from 15-45% without intervention, however, the rate of 

transmission drops below 5% with effective interventions during pregnancy, labour, 

delivery and breastfeeding (114). Symptomatic women with a high viral load and 

suppressed immune system have the highest risk of transmitting HIV through 

breastfeeding (115). The 2013 WHO guidelines recommended that ART be provided 

during pregnancy and breastfeeding to women who are not eligible for ART, and that 

they only continue ART after breastfeeding if it is of benefit to their own health 

(option B) (116). The START (multicentre study, including 4685 PLWH) and 

TEMPRANO (carried out in Ivory Coast, including 2056 PLWH) trial findings published 

in 2015 highlighted the importance of starting HIV treatment in all PLWH, regardless 
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of their CD4 count however prior to this treatment was only recommended in 

individuals with a CD4 count >350 cell/mm3 (117,118). Therefore in 2015, the WHO 

changed their guidelines to include the recommendation of option B+, that all 

pregnant and breastfeeding women are provided with lifelong HIV treatment 

irrespective of their CD4 cell count (116). It is also recommended that children 

exposed to HIV are tested by the time they reach 6-8 weeks old and again at the end 

of breastfeeding. Children that are diagnosed with HIV should also be treated 

immediately (119). 

 

1.1.5 Clinical stages of disease progression 

In the absence of HIV treatment, the progression of the HIV infection can be broadly 

split into three stages: 1) acute HIV infection, 2) asymptomatic stage, and 3) 

symptomatic stage. The natural history of HIV infection can be seen in Figure 1.8. The 

Centers for Disease Control and Prevention (CDC), and the World Health Organization 

(WHO) have both developed classification systems to define the stage of HIV (see 

Table 1.2, Table 1.3, and Table 1.4) (120,121). While the CDC classification system 

also uses CD4 count as a marker of HIV progression, the WHO system only provides 

clinical descriptions associated with each stage, making it more applicable in settings 

where monitoring CD4 count may not be feasible.  
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Figure 1.8: CD4 count and viral load changes over time (122) 

 
 

Primary stage 

Seroconversion is the period of time when the immune system recognises the HIV 

virus and develops an antibody response (123). The time from infection to 

completion of seroconversion is known as primary or acute infection (124). During 

this stage, the body starts to produce antibodies to the virus which usually appear 4-

6 weeks after initial infection, but it can take 1-3 months for seroconversion to occur 

(124,125). Prior to seroconversion, the individual is highly infectious, however, would 

not test antibody positive (seronegative) (126). Before seroconversion, HIV can be 

diagnosed by viral antigens such as p24 or detection of HIV-RNA in plasma (127). This 

early phase is also characterised by rapid viral replication, leading to more than one 

million copies per millilitre (copies/ml) (122,128). This coincides with a short-lived, 

but sometimes drastic decline in the CD4 count (123,124). It is estimated that 25-65% 

of individuals experience symptomatic primary HIV infection or seroconversion 

illness, which is caused by the body’s immune response to the HIV virus (123). These 

symptoms can resemble influenza, infectious mononucleosis or aseptic meningitis, 

and last a median of 14 days (124,129). Few individuals experience more extreme 

symptoms which are normally seen later in the infection, such as pneumocystis 

pneumonia or oesophageal candidiasis (123,124). Individuals who experience more 
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severe symptoms can be more likely to experience faster disease progression (124). 

After seroconversion, the CD4 count will recover to some extent and the VL will 

steady, at a level known as the viral set-point (124).  

 

Asymptomatic stage 

After primary infection, there is a temporary recovery of CD4 cells, which marks the 

beginning of the asymptomatic, or chronic stage (130). Some individuals are known 

as long-term non-progressors and are able to suppress viral replication to below the 

limit of detection (50 cp/ml) without treatment (74,131). These individuals can 

survive for longer after infection without treatment and have certain characteristics 

such as beneficial anti-HIV immune response (124,132). Less than 1% of HIV positive 

individuals are known as elite controllers and can maintain healthy CD4 counts for 

20-25 years (133). The asymptomatic period is also referred to as clinical latency as 

there is a lack of symptomatic disease (130). Viral replication still occurs during this 

stage, however, it is controlled by the response of the immune system (130,134). A 

healthy HIV-negative individual has around 500-1500 CD4 cells/mm3, but eventually, 

the immune response to HIV begins to fail, and the CD4 count decreases (135). CD4 

count is estimated to decline by 20-78 cells/mm3 per year depending on HIV-RNA 

levels (135). Around 18-24 months before the symptomatic stage, the rate of decline 

increases 3 to 5 fold (136). The length of this stage is highly variable, and as the CD4 

count decreases the patient becomes more at risk of minor infections(124). However, 

individuals can generally remain asymptomatic if their CD4 count remains above 350 

cells/mm3 (137). 

 

Symptomatic stage (AIDS) 

The last stage is the symptomatic stage, which develops after a median of 10 years 

after seroconversion (137). Immunodeficiency occurs when the body does not have 

enough immune cells or the cells do not work properly, which means individuals are 
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more susceptible to infections (68). An AIDS diagnosis can be based on laboratory 

evidence, such as a CD4 cell count of less than 200 cells/mm3 in an HIV positive 

individual (120,121) or the development of an AIDS Defining Illness (ADI) which can 

develop regardless of the individuals CD4 count, for example, if an individual is HIV 

positive and develops one or more opportunistic infections (see Table 1.3 and Table 

1.4 for the full list of AIDS-defining conditions according to the CDC and WHO, 

respectively (120,121)). Once the CD4 count reaches below 200 cells/mm3, 

individuals become much more susceptible to developing an opportunistic infection 

(124). Prior to the introduction of ART, the median survival time following an AIDS 

diagnosis was 11.6 months [95% CI = 3.3 – 19.1 months] depending on the 

opportunistic infection (138). According to a meta-analysis by Poorolajal et al., in the 

absence of HIV treatment, most patients will die within 24 months of the onset of 

AIDS, whereas if the patient receives HIV treatment survival is >10 years, however, 

this varies according to the type of AIDS event (139). There is also evidence to suggest 

that depending on the condition, survival halves after a second AIDS-defining 

condition (140). 

 

Factors that affect disease progressions: 

While the HIV infection progresses in stages, the time it takes for individuals to 

progress through the phases varies. These differences can be due to many different 

factors such as the individuals immune response, CD4 count, VL, genetic 

characteristics of the virus, age at seroconversion, ethnicity, and co-infection with 

other viruses (137,141–147). HIV-1 infected individuals’ progress faster than those 

with HIV-2 (148). While gender is not thought to impact HIV progression, there can 

be differences in survival by sex in certain settings, such as among PWID (149). 

Despite all of these factors, disease progression is most impacted by whether the 

individual is on ART or not (150).  
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Table 1.2: CDC HIV infection stage based on age-specific CD4+ count or percentage of 
total lymphocytes (120)  

Stage 

Age on date of CD4+ T-lymphocyte test 

<1 yr 1–5 yrs ≥6 yrs 

Cells/µL % Cells/µL % Cells/µL % 

1 ≥1,500 ≥34 ≥1,000 ≥30 ≥500 ≥26 

2 750–1,499 26–33 500–999 22–29 200–499 14–25 

3 <750 <26 <500 <22 <200 <14 

  

 
Table 1.3: CDC list of AIDS-defining illnesses (120)  

Stage-3-Defining Opportunistic Illnesses in HIV Infection Bacterial 

1. Bacterial infections, multiple or recurrent* 
2. Candidiasis of bronchi, trachea, or lungs 
3. Candidiasis of esophagus 
4. Cervical cancer, invasive† 
5. Coccidioidomycosis, disseminated or extrapulmonary 
6. Cryptococcosis, extrapulmonary 
7. Cryptosporidiosis, chronic intestinal (>1 month's duration) 
8. Cytomegalovirus disease (other than liver, spleen, or nodes), onset at age >1 month 
9. Cytomegalovirus retinitis (with loss of vision) 
10. Encephalopathy attributed to HIV§ 
11. Herpes simplex: chronic ulcers (>1 month's duration) or bronchitis, pneumonitis, or esophagitis 

(onset at age >1 month) 
12. Histoplasmosis, disseminated or extrapulmonary 
13. Isosporiasis, chronic intestinal (>1 month's duration) 
14. Kaposi sarcoma 
15. Lymphoma, Burkitt (or equivalent term) 
16. Lymphoma, immunoblastic (or equivalent term) 
17. Lymphoma, primary, of brain 
18. Mycobacterium avium complex or Mycobacterium kansasii, disseminated or extrapulmonary 
19. Mycobacterium tuberculosis of any site, pulmonary†, disseminated, or extrapulmonary 
20. Mycobacterium, other species or unidentified species, disseminated or extrapulmonary 
21. Pneumocystis jirovecii (previously known as "Pneumocystis carinii") pneumonia 
22. Pneumonia, recurrent† 
23. Progressive multifocal leukoencephalopathy 
24. Salmonella septicemia, recurrent 
25. Toxoplasmosis of brain, onset at age >1 month 
26. Wasting syndrome attributed to HIV§ 

* Only among children aged <6 years  
† Only among adults, adolescents, and children aged ≥6 years.  
§ Suggested diagnostic criteria for these illnesses, which might be particularly important for HIV encephalopathy 

and HIV wasting syndrome, are described in the following references:  
CDC. 1994 Revised classification system for human immunodeficiency virus infection in children less than 13 years 

of age. MMWR 1994;43(No. RR-12).  
CDC. 1993 Revised classification system for HIV infection and expanded surveillance case definition for AIDS 

among adolescents and adults. MMWR 1992;41(No. RR-17).  
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Table 1.4: WHO clinical staging of HIV disease in adults, adolescents, and children 
(121,151)  

Adults and adolescentsa  Children 

Clinical stage 1 

Asymptomatic 

Persistent generalized lymphadenopathy 

Asymptomatic 

Persistent generalized lymphadenopathy 

Clinical stage 2 

Moderate unexplained weight loss (<10% of 

presumed or measured body weight) 

Recurrent respiratory tract infections (sinusitis, 

tonsillitis, otitis media, pharyngitis) 

Herpes zoster 

Angular cheilitis 

Recurrent oral ulceration 

Papular pruritic eruption 

Fungal nail infections 

Seborrhoeic dermatitis 

Unexplained persistent hepatosplenomegaly 

Recurrent or chronic upper respiratory tract infections 

(otitis media, otorrhoea, sinusitis, tonsillitis) 

Herpes zoster 

Lineal gingival erythema 

Recurrent oral ulceration 

Papular pruritic eruption 

Fungal nail infections 

Extensive wart virus infection 

Extensive molluscum contagiosum 

Unexplained persistent parotid enlargement 

Clinical stage 3 

Unexplained severe weight loss (>10% of 

presumed or measured body weight) 

Unexplained chronic diarrhoea for longer than 1 

month 

Unexplained persistent fever (intermittent or 

constant for longer than 1 month) 

Persistent oral candidiasis 

Oral hairy leukoplakia 

Pulmonary tuberculosis 

Severe bacterial infections (such as pneumonia, 

empyema, pyomyositis, bone or joint infection, 

meningitis, bacteraemia) 

Acute necrotizing ulcerative stomatitis, gingivitis or 

periodontitis 

Unexplained anaemia (<8 g/dl), neutropaenia (<0.5 

x 109/L) and/or chronic thrombocytopaenia (<50 x 

109/L) 

Unexplained moderate malnutritionb not adequately 

responding to standard therapy 

Unexplained persistent diarrhoea (14 days or more) 

Unexplained persistent fever (above 37.5°C, 

intermittent or constant, for longer than one 1 month) 

Persistent oral candidiasis (after first six weeks of life) 

Oral hairy leukoplakia 

Lymph node tuberculosis; pulmonary tuberculosis 

Severe recurrent bacterial pneumonia 

Acute necrotizing ulcerative gingivitis or periodontitis 

Unexplained anaemia (<8 g/dL), neutropaenia (<0.5 x 

109/L) or chronic thrombocytopaenia (<50 x 109/L) 

Symptomatic lymphoid interstitial pneumonitis 

Chronic HIV-associated lung disease, including 

bronchiectasis 

Clinical stage 4c 

HIV wasting syndrome 

Pneumocystis (jirovecii) pneumonia 

Recurrent severe bacterial pneumonia 

Unexplained severe wasting, stunting or severe 

malnutritiond not responding to standard therapy  

Pneumocystis (jirovecii) pneumonia 
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Chronic herpes simplex infection (orolabial, genital 

or anorectal of more than 1 month’s duration or 

visceral at any site) 

Oesophageal candidiasis (or candidiasis of trachea, 

bronchi or lungs) 

Extrapulmonary tuberculosis 

Kaposi sarcoma 

Cytomegalovirus infection (retinitis or infection of 

other organs) 

Central nervous system toxoplasmosis 

HIV encephalopathy 

Extrapulmonary cryptococcosis, including 

meningitis 

Disseminated nontuberculous mycobacterial 

infection 

Progressive multifocal leukoencephalopathy 

Chronic cryptosporidiosis 

Chronic isosporiasis 

Disseminated mycosis (extrapulmonary 

histoplasmosis, coccidioidomycosis) 

Lymphoma (cerebral or B-cell non-Hodgkin) 

Symptomatic HIV-associated nephropathy or 

cardiomyopathy 

Recurrent septicaemia (including nontyphoidal 

Salmonella) 

Invasive cervical carcinoma 

Atypical disseminated leishmaniasis 

Recurrent severe bacterial infections (such as 

empyema, pyomyositis, bone or joint infection, 

meningitis, but excluding pneumonia) 

Chronic herpes simplex infection (orolabial or 

cutaneous of more than 1 month’s duration or visceral 

at any site) 

Oesophageal candidiasis (or candidiasis of trachea, 

bronchi or lungs) 

Extrapulmonary tuberculosis  

Kaposi sarcoma 

Cytomegalovirus infection (retinitis or infection of 

other organs with onset at age older than one month) 

Central nervous system toxoplasmosis (after the 

neonatal period) 

HIV encephalopathy 

Extrapulmonary cryptococcosis, including meningitis  

Disseminated nontuberculous mycobacterial infection  

Progressive multifocal leukoencephalopathy  

Chronic cryptosporidiosis (with diarrhoea)  

Chronic isosporiasis 

Disseminated endemic mycosis (extrapulmonary 

histoplasmosis, coccidioidomycosis, penicilliosis) 

Cerebral or B-cell non-Hodgkin lymphoma HIV- 

associated nephropathy or cardiomyopathy 

a In the development of this table, adolescents were defined as 15 years or older. For those younger than 15 years, the 
clinical staging for children should be used. 

b For children younger than 5 years, moderate malnutrition is defined as weight-for-height < –2 z-score or mid-upper arm 
circumference ≥115 mm to <125 mm. 

c Some additional specific conditions can be included in regional classifications, such as penicilliosis in Asia, HIV-associated 
rectovaginal fistula in southern Africa and reactivation of trypanosomiasis in Latin America. 

d For children younger than five years of age, severe wasting is defined as weight-for-height < –3 z-score; stunting is 
defined as length-for-age/height-for-age < z-2 -score; and severe acute malnutrition is either weight for height < –3 z-
score or mid-upper arm circumference <115 mm or the presence of oedema. 

 

1.1.6 Treatment of HIV 

Antiretroviral therapy (ART) treats HIV by inhibiting the replication of the HIV virus 

(152). The first drug approved by the FDA to treat HIV was Zidovudine which is also 

known as azidothymidine, or AZT (153). AZT is a nucleoside reverse transcriptase 

inhibitor (NRTI) and was approved in March 1987, 6 years after the first AIDS reports 
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in the USA (154). AZT was initially developed in 1964 as a potential cancer treatment, 

however, in 1985, AZT was tested and found to be a potent inhibitor of HIV (155). A 

randomised controlled trial with 145 patients on AZT and 137 patients on the control 

arm showed AZT significantly reduced mortality, with only 1 death occurring in the 

treatment group compared to 19 in the placebo group (156). The Data Safety and 

Monitoring Board decided it was unethical to continue to withhold the drug from the 

placebo group and therefore stopped the trial early and offered AZT to those in the 

control group (157). While there were apparent clinical benefits in some patients, 

there were also adverse events (AEs), and significant drug toxicity (158). Further trials 

showed that the benefits of AZT were not sustained due to rapid development of 

resistance, with the lives of patients being prolonged by 6-18 months (159,160).  

 

The emergence of HIV with resistance to AZT called for the development of more 

effective combination treatments to improve survival (161,162). By 1991, more drugs 

from the NRTI family were introduced, such as didanosine and zalcitabine which had 

fewer AEs (163). These drugs were also found to improve outcomes for patients who 

switch from AZT (164). Investigators began to study the use of multiple treatments 

to combat the virus, and taking AZT in combination with either didanosine or 

zalcitabine was found to significantly slow the progress to an AIDS-defining illness as 

opposed to taking AZT alone (165). However these improvements were short-lived, 

and there were still high rates of treatment failure and NRTI resistance (166). In 1995, 

the FDA approved the first protease inhibitor, saquinavir (167). The results from the 

first trial using three drugs from different classes, known as combination 

antiretroviral therapy (cART) or highly active antiretroviral therapy (HAART), were 

presented at the XI International Conference on AIDS in Vancouver in 1996 (168). The 

results showed that combining multiple drugs from different drug classes into one 

regimen improved treatment benefits (168). The treatment guidelines recommended 

at least three ART drugs to be used in combination, from at least 2 different drug 

classes (169). This caused an immediate decline of 60-80% in the rate of AIDS-related 

deaths in countries that could afford treatment (170). A third class of drugs, non-
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nucleoside reverse transcriptase inhibitors (NNRTI) were also approved in 1996, 

allowing further combinations of treatments to be used (169).  

 

While NRTI, PI and NNRTI were the three main drug classes, there are now three more 

classes available, integrase inhibitors (INI), and CCR5 and fusion inhibitors which are 

both types of entry inhibitors (159). The different drug classes target different stages 

of the HIV viral replication process and can suppress viral loads and transmission 

(Figure 1.9). However, complications can arise due to toxicity as well as the 

development of resistant strains (66). HIV drugs from the same or different classes 

can have different genetic barriers, which refers to the number of mutations required 

to overcome the anti-HIV activity of the drug regimen (171). HIV drug resistance can 

be reduced through the use of affordable drugs with high barriers to the 

development of resistance (172). 

 

The original HIV treatments had a high pill burden, strict food requirements (due to 

drug and food interactions) and high toxicity which resulted in lower adherence 

(173). However, newer antiretroviral drugs are more potent and have improved 

pharmacokinetic profiles which require less dosing, pills, lower toxicity and resistance 

(173). Currently, recommended first-line therapy consists of three HIV drugs, two 

NRTIs (referred to as the ‘backbone’), with one PI, NNRTI, or INI (151). While HIV 

treatment has improved greatly since the approval of AZT in 1987, there is still no 

cure or vaccine, and the drugs used are only able to reduce viral replication, therefore 

requiring a lifetime commitment to treatment (152). While there is no feasible cure 

for HIV, there has been one individual who was cured of HIV after receiving a stem-

cell transplant, with donor cells that did not express CCR5, for treatment of leukaemia 

(174). However, this is an aggressive, high-risk therapy that was used to treat cancer 

not HIV.  

 



48 
 

Changes to regulations in 1992 meant that drug approval could be based on a 

surrogate marker as opposed to a clinical outcome (175). The FDA created a new class 

of drugs, ‘investigational new drug’, which meant drug approval was accelerated by 

2-3 years (176). These changes in the FDA and other regulatory bodies allowed 

experimental drugs to become more widespread (177). The earlier ART randomised 

controlled trials (RCTs) used clinical outcomes, with one of the first clinical trials by 

Fischl et al. being terminated after only 7 months due to the clear benefits of AZT 

(156,178). However, after the introduction of cART, clinical trials with death as the 

primary endpoint required a longer time and larger sample size for treatment effects 

to be detected (179). Since the introduction of advanced molecular diagnostic tests 

in the mid-1990s, more clinical trials use surrogate markers rather than clinical 

outcomes (154). While surrogate markers can reduce the cost and duration of clinical 

trials, they provide no direct information regarding the long-term outcomes of 

patients using ART (179). In addition to this, patients from RCTs are mostly 

unrepresentative of the patient population as there are normally strict 

inclusion/exclusion criteria for participating in trials, trial participants also have 

better treatment adherence and more frequent follow-up than patients in routine 

care (180–182). While RCTs are the gold standard, there are many large HIV 

observational follow-up studies that have been following patients since the beginning 

of the epidemic, which play an important role in assessing the long-term efficacy of 

HIV treatments (183).  
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Figure 1.9: How different ART drug classes affect the HIV lifecycle (184) 

 
 

NRTI 

NRTI drugs were the first class of ARTs licenced to treat HIV (185). NRTIs, nucleotide 

reverse transcriptase inhibitors (NtRTIs) and NNRTIs all target reverse transcriptase, 

which is the HIV enzyme used during the process of reverse transcription to convert 

single-stranded HIV RNA into double-strand HIV DNA (169). NRTIs and NtRTIs are 

structural analogues of cellular nucleosides or nucleotides, which are similar enough 

to be used by HIV reverse transcriptase when constructing viral DNA (186). However, 

flaws in the nucleoside analogues hinder the cells from completing reverse 

transcription and making more HIV (186). The 2016 WHO guidelines recommend a 

combination of two NRTI/NtRTI drugs; tenofovir (TDF) and either lamivudine (3TC) or 

emtricitabine (FTC), along with one NNRTI drug, efavirenz (EFV) as first-line 

treatment, as well as alternative regimens (151). Current guidelines from the British 

HIV Association and the European AIDS Clinical Society also propose the use of TDF 

and FTC as the most suitable NRTI backbone for first-line HIV treatment regimens 

(187,188). 

 

While AZT was the first treatment to be licenced to treat HIV, it is rarely used today 

because of the side effects (158). However, in some countries, AZT is still used in 
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individuals with reduced treatment options or pregnant women (186,187). Other 

NRTI drugs that were developed after AZT are also not recommended for use 

anymore, as AE from extended NRTI use has been linked to mitochondrial 

dysfunction, manifesting as fatal liver damage, myopathy, cardiotoxicity, and 

peripheral neuropathy and lipodystrophy (158,187,189). Zalcitabine was associated 

with significant mitochondrial and hepatic toxicities and was withdrawn from the 

market in 2006 (190). Stavudine was also significantly associated with these side 

effects, and while its use has been reduced in Europe it has not been completely 

phased out yet (151,187). The Data Collection on Adverse Events of Anti-HIV Drugs 

(D:A:D) collaboration provided evidence to suggest that abacavir is linked to 

myocardial infarction (MI) and TDF increases the risk of nephrotoxicity (191–194). A 

large FDA meta-analysis did not find an association between abacavir and MI (195). 

However, a meta-analysis of prospective studies on the association between TDF and 

kidney dysfunction found the magnitude of the effect did not necessarily warrant a 

change in first-line regimens when monitoring of the kidney is possible (196). 

 

PI 

PIs were introduced in 1995, they differ from NRTI and NNRTIs as they target the 

protease enzyme instead of reverse transcriptase (186). PIs bind to the protease 

enzyme, blocking the maturation step of the HIV life cycle, which results in the release 

of immature, non-infectious HIV viral particles that cannot infect other cells 

(197,198). The first licenced PI was saquinavir and soon after ritonavir and indinavir 

were also approved, however, there are now currently 10 PIs licenced for the 

treatment of HIV; saquinavir, indinavir, ritonavir, nelfinavir, amprenavir, lopinavir, 

atazanavir, tipranavir, and darunavir. The arrival of PIs allowed for cART, dual-class 

therapy with three drugs (167). Earlier PIs had low bioavailability and high pill burden, 

which negatively affected treatment adherence (167). Ritonavir was found to be very 

effective, however it was not well tolerated (167). It was later found that small doses 

of ritonavir co-administered with other PIs could reduce the metabolism and improve 

the bioavailability and half-life of PIs, boosting the effectiveness (167). Cobicistat, a 
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pharmacoenhancer, is also able to boost PIs, however unlike ritonavir, it has no anti-

HIV activity (199). 

 

While PI monotherapy has not been recommended in any guidelines, it has gained 

popularity among patients with NRTI intolerance. Some studies provide evidence to 

support the efficacy of using lopinavir or darunavir boosted with ritonavir, and a UK 

analysis showed that PI monotherapy has large cost-saving potential (200–203). 

However, results of the PIVOT study (Protease Inhibitor monotherapy Versus 

Ongoing Triple Therapy) indicated that there were much higher rates of viral rebound 

over 3 years (PI monotherapy = 35% vs. cART = 3.2%) (204). 

 

Side effects associated with PIs include gastrointestinal toxicity, particularly nausea 

and diarrhoea (166). More severe side effects can include hyperglycaemia and 

lipodystrophy, however newer PIs are better tolerated and have improved metabolic 

profiles (166,205). 

 

NNRTI 

NNRTIs are similar to NRTIs as they both interrupt the reverse transcription process 

of the HIV life-cycle (169,186). However, NNRTIs do this by binding to the reverse 

transcriptase enzyme and obstructing its ability to convert HIV-RNA to HIV-DNA 

(159,206). They are not effective against HIV-2 due to structural differences in the 

virus (207). NNRTIs were introduced shortly after PIs, with nevirapine approved by 

the FDA in 1996, delavirdine in 1997, and efavirenz the following year (159). 

Etravirine was approved in 2008, after the DUET-1 and DUET-2 RCTs (208). Etravirine 

was shown to be the only NNRTI to be clinically effective in patients with NNRTI and 

PI resistant HIV-1 (159). 
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NNRTIs are recommended by WHO as part of the first-line ART for adults alongside 

two NRTIs (151). Efavirenz is the recommended NNRTI, despite evidence to suggest 

there maybe be potential harmful side effects to the drug such as dizziness, 

headaches, and depression (151,207). NNRTIs generally have a low genetic barrier to 

resistance, which previously would lead to treatment failure (166,172). However, 

next generation NNRTIs, such as etravirine, have fewer side effects and a higher 

genetic barrier against resistance (209). Individuals with NNRTI resistance are less 

likely to achieve viral suppression, have worse health outcomes, and are more likely 

to discontinue treatment. While NNRTIs are an essential part of first-line ART, WHO 

has published guidelines recommending countries use different treatments if their 

level of NNRTI drug resistance is too high (172).  

 

INI  

Integrase inhibitors (INI), also known as integrase strand transfer inhibitors (InSTIs) 

are the newest class of HIV treatment (186). They work by targeting viral integrase 

and inhibiting the strand transfer of viral DNA, preventing the completed HIV DNA 

copy being integrated into the host DNA cell (209). The first INI licenced for use was 

raltegravir in 2007, since then two more INIs have been licenced; elvitegravir and 

dolutegravir (166,169). Treatment guidelines also recommend the use of an INI 

alongside two NRTIs as first-line ART therapy instead of a NNRTI (151). Elvitegravir 

requires boosting with cobicistat; both drugs are only available within the 

combination pill Stribild, which also includes tenofovir and emtricitabine. 

Dolutegravir does not require boosting and has a higher genetic barrier to resistance 

than both raltegravir and elvitegravir (166). Dolutegravir plus abacavir-lamivudine 

was the first treatment regimen to show superiority over two NRTIs and efavirenz 

(210).  
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Entry inhibitors 

For HIV to enter a host cell the HIV gp120 glycoprotein binds to the CD4 receptor, 

then gp120 binds to either a CCR5 or CXCR4 co-receptor (209). Once HIV has attached 

to the CD4 receptor and co-receptor, the gp41 fusion peptide is exposed and inserts 

into the host cell membrane which initiates fusion, allowing the viral capsid can enter 

the cytoplasm (see Section 1.1.3 for more details on the HIV replication cycle) 

(209,211). Entry inhibitors prevent this initial stage of viral entry by preventing 

attachment, co-receptor binding, or fusion, therefore this class of HIV treatment is 

heterogeneous and can be split into multiple categories; attachment inhibitors, 

fusion inhibitors, and co-receptor inhibitors (166). Attachment inhibitors prevent the 

attachment gp120 and CD4, co-receptor inhibitors interfere with the interaction 

between co-receptors CCR5 or CXCR4 and gp120, and fusion inhibitors block gp41 

from fusing with the host cell (166).  

 

The only fusion inhibitor that is available for treatment is enfuvirtide (T-20), which 

was approved in 2003 and is effective in treatment experienced individuals (212,213). 

Enfuvirtide is infrequently used as it is injected parenterally twice daily, which can be 

cumbersome and problematic for long-term use (169). Maraviroc is a CCR5 

antagonist which was approved for the treatment of treatment naïve and 

experienced individuals in 2007 (214). There are currently no CXCR4 antagonists or 

attachment inhibitors that have been approved, however there are a number of entry 

inhibitors that are in development (214).  
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1.2 HCV 

1.2.1 History of HCV 

There is historical evidence of hepatitis being around for thousands of years (215). In 

more recent years, large hepatitis epidemics occurred during military campaigns such 

as The American Civil War and World War 2 (215). However, it was not until 1968 

that hepatitis B was discovered, and shortly after in 1973 that hepatitis A was 

discovered (216,217). Serological tests were developed soon after to detect both 

hepatitis A and B, however these tests did not account for all the cases of hepatitis in 

individuals with transfusion-associated hepatitis (218). In 1975, researchers believed 

that there was a third type of hepatitis, which was referred to as non-A and non-B 

hepatitis (NANBH). However, it was not until 1989 that the researchers at Chiron 

Corporation closely collaborated with the CDC and identified the hepatitis C virus 

(HCV) (219,220). 

 

1.2.2 Epidemiology  

Hepatitis C is a disease that primarily affects the liver, and is caused by HCV (221). 

Chronic HCV infection occurs when an individual maintains a state of viraemia for 

more than 6 months after onset as opposed to clearing the infection (spontaneously 

or through treatment), and occurs in approximately 75% of people infected with HCV 

(222–224). HCV is a major cause of chronic liver disease and leads to end-stage liver 

disease and hepatocellular carcinoma (HCC) in 20-40% of individuals (221,223). 

However, symptoms of chronic HCV can take decades to develop, therefore in the 

absence of widespread screening, the diagnosis of HCV tends to happen at late stages 

of the infection (225). 

 

Chronic HCV infection is a major global health concern, with over 71 million people 

infected worldwide in 2015 (226). This translates to a global prevalence of 1.0%, 

however, only 20% of HCV infected individuals have been diagnosed (226,227). 
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According to the 2017 WHO Global Hepatitis Report, hepatitis C caused 

approximately 399000 deaths in 2015, mainly due to HCC and decompensated 

cirrhosis (227). While most studies suggest a decrease in the incidence of HCV since 

the second half of the twentieth century, there were still 1.75 million new HCV 

infections in 2015 (global incidence of 23.7 per 100000) (227). There were 843 000 

individuals cured of HCV in 2015, therefore while the incidence is decreasing, the 

global prevalence is increasing as the number of individuals being cured or dying from 

HCV is lower than the number of new infections (227).  

 

The introduction of highly effective direct-acting antivirals (DAAs) is a big step 

towards reducing the HCV epidemic, however, access to DAAs needs to be improved 

(228). The number of individuals who initiated DAA-based therapy increased from 1 

million in 2015 to 1.5 million in 2016 (228). However, a small number of countries 

with large-scale elimination programs were mainly responsible for the increase in 

treatment uptake, as Egypt and Pakistan accounted for approximately half of the 

individuals on DAA (228). Globally, the cumulative number of individuals who have 

received HCV treatment was 5.4 million in 2015, however most of the individuals 

treated before 2015 received older treatment regimens (interferon-based) which 

were not as well tolerated and effective (227). It is projected that 80% of individuals 

who completed HCV treatment in 2015 achieved cure, however there were regional 

differences that reflect the difference in access to newer treatments (227). 

 

The World Health Assembly’s resolutions in 2010 and 2014 highlighted the global 

commitment to taking action against the HCV epidemic, as did the first World 

Hepatitis Summit in 2015 (227,229,230). In May 2016, the World Health Assembly 

endorsed the first Global Health Sector Strategy on viral hepatitis, which aims to 

eliminate viral hepatitis as a public health threat (231). By March 2017, 43 Member 

States reported having a national viral hepatitis elimination plan to WHO, with an 

additional 36 member states also reporting that national elimination plans were 

under development (227). The WHO set the aim of eliminating HCV as a major public 
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health threat by 2030, which requires 90% of individuals living with HCV being 

diagnosed, 80% of diagnosed individuals being treated with DAAs, 65% reduction in 

hepatitis C related deaths, and reducing new HCV infections by 80% (Figure 1.10) 

(227). In 2015, only 20% of HCV infected individuals have been diagnosed, and only 

7% of diagnosed individuals have started HCV treatment (227). Reaching this 

ambitious goal requires a huge effort to increase testing, linkage to care and access 

to effective anti-viral therapy (227).  

 

Widespread access to DAA therapy is a crucial part of the HCV elimination strategy, 

however the high cost of DAAs means that in most countries universal access to 

treatment is not feasible (232). In 2017, Lazarus et al. published a paper highlighting 

the challenges of global elimination, and instead suggested the WHO elimination 

strategy should be targeted at specific subpopulations (233). They believed it would 

be more pragmatic to aim for ‘micro-elimination’ as achieving elimination in a 

subpopulation would be much quicker and more efficient than attempting to achieve 

national elimination (233). This approach would also allow more targeted 

interventions that can be tailored to the needs of the specific subpopulation (233). 

Some of the target populations they suggest for micro-elimination are PLWH, people 

with haemophilia, people who have been incarcerated, MSM, and PWID (233). They 

also suggest micro-elimination could be targeted at certain settings such as hospitals 

or addiction centres, or geographical areas such as a city or region within a country 

(233). 
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Figure 1.10: HCV continuum of care, by WHO region, 2015 (218) 

 
 

Globally, of those infected with HCV, 5.6 million (8%) are people who currently inject 

drugs (PWID) (227). As many infections are not diagnosed, unidentified PWID with 

HCV could cause the epidemic to spread rapidly within the community (232). While 

there is a high burden of HCV among PWID, there is low HCV treatment uptake 

(234,235). PWID are known to face barriers when accessing care, therefore adaptive 

prevention, care and treatment services free from stigma and discrimination are 

necessary to ensure their engagement with health services (227). A large proportion 

of individuals living with HCV are former injection drug users or were infected 

through unsafe health-care-related procedures (227). These individuals have better 

access to health care than current PWID (227). The risk of a mother with HCV 

transmitting the virus to her child is 4-8%, and there are no proven interventions to 

reduce the risk (236). Sexual transmission of HCV is infrequent in heterosexual 

couples (236). There are regional differences in the main route of HCV transmission, 

as the main route of transmission in the European Region is injection drug use, 

however, in the Eastern Mediterranean infection is mainly caused by unsafe 

healthcare injections (227). A large increase in timely diagnosis, adequate treatment 

options, improved infection prevention measures in healthcare, as well as improved 

awareness of HCV through public education is required to reduce the risk of HCV 

transmission (232). 

 



58 
 

The burden of HCV greatly varies by region, with the WHO Eastern Mediterranean 

Region having the highest prevalence at 2.3% (15 million infected) followed by the 

European Region with a prevalence of 1.5% (14 million infected). The Eastern 

Mediterranean and European Regions also had the highest rates of new infection in 

2015 (incidence rate of 62.5 and 61.8 per 100000 individuals, respectively) (227).  

 

While the prevalence of HCV in the WHO European Region is estimated to be 1.5%, 

there are major differences within regions and subgroups. A systematic review 

carried out by the European Centre for Disease Prevention and Control (ECDC) 

reported that the prevalence of HCV varied from 0.1% to 5.9% across EU/EEA 

countries (227,237). The rate of infection was lowest in Cyprus (0.1 cases per 100000 

population) and highest in Latvia (76.1 cases per 100000) (238). In Europe, HCV was 

reported almost double the number of times in men than women, and the majority 

of cases (51.6%) were among 25-44-year-olds (238). Also, 15-80% of HCC events in 

Europe can be attributed to HCV (239). For the EU to reach the WHO goals by 2030, 

screening programs need to be increased, as finding and treating HCV early can 

prevent disease and transmission (239,240).  

 

There are 7 main HCV genotypes and over 67 subtypes which vary based on the route 

of transmission and geographic regions (Figure 1.11) (232). Genotypes 1, 2, and 3 are 

distributed across most regions whereas genotype 4 is mainly found in the Middle 

East and Africa (232). Genotype 5, 6, and 7 are less widely spread and have been 

reported in South Africa, South East Asia, and Central Africa, respectively (232). There 

is some evidence to suggest that individuals with genotype 1 are more likely to 

spontaneously clear the infection, however if they remain HCV-RNA positive the 

disease progresses more aggressively than other genotypes (232). Genotype 3 is 

associated with hepatic steatosis, faster progression to fibrosis and a higher incidence 

of cirrhosis (232,241). While genotype 1 is the most common, non-genotype 1 HCV 

comprises of more than half of all HCV cases globally (242).  
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Figure 1.11: Distribution of HCV genotypes (232) 

 
 

HCV co-infection with HIV is a major issue due to shared routes of transmission (243). 

In HIV/HCV co-infected populations with access to combination antiretroviral therapy 

(cART), liver-related death has become one of the leading causes of death (244,245). 

Of the 36.7 million PLWH globally, an estimated 2.3 million individuals have 

serological evidence of past or present HCV infection (anti-HCV positive) (227). Of 

these, 1.36 million are PWID, however, in regions where injection drug use is not the 

primary route of HIV, the prevalence of co-infection is lower (227,236). The burden 

of HIV/HCV co-infection is particularly high in Eastern Europe and Central Asia where 

injection drug use is the main mode of HIV transmission (246). Among HIV-positive 

individuals, the prevalence of HCV is highest in PWID (82.4%), followed by MSM 

(6.4%), however, the prevalence of HCV was much lower in HIV-positive individuals 

without high-risk behaviour (2.4%)  

 

There is evidence to suggest that HIV/HCV co-infected individuals have poorer 

outcomes than individuals mono-infected with HCV (247,248). However, there is 

evidence to suggest that co-infected individuals on ART have a similar rate of liver 

fibrosis progression to HCV mono-infected individuals (247,248). The North American 

AIDS Cohort Collaboration on Research and Design found that HCV/HIV co-infected 

individuals who deferred ART therapy had an 85% greater risk of death compared 
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with those mono-infected with HIV (249). HIV/HCV co-infected individuals are less 

likely to spontaneously clear HCV, as following acute infection approximately 90% will 

develop chronic HCV (247). This increased risk of chronic infection is associated with 

HIV/HCV co-infected individuals having a higher HCV viral load, which is believed to 

be partly related to the decline in CD4 and CD8 T-cell response to HCV (247). HIV/HCV 

co-infected individuals are heterogeneous with complicated medical needs and are 

frequently socially disenfranchised (250). 

 

While sexual transmission of HCV is infrequent in heterosexual couples, it is more 

common in HIV-positive men (236). This may be due to the sexual transmission or 

other exposure to blood or drug use (236). There have been several recent outbreaks 

of HCV among HIV-positive MSM, with one study showing the rate of HCV 

transmission increased from 0.9-2.2 infections per 1000 person-years in 1990 to 23.4-

51.51 infections per 1000 person-years in 2007 (251). While the risk of MTCT is 4-8% 

in HCV mono-infected individuals, this increases to 10.8%-25% if the mother is co-

infected with HIV and HCV (236).  

 

1.2.3 Virology 

HCV is a member of the Hepacivirus genus which belongs to the Flaviviridae family 

(232). The Flaviviridae viral family contains flavivirus, pestivirus, hepacivirus and 

pegivirus (252). HCV is a small positive strand enveloped RNA virus, however, the 

virus has not been definitively visualised as it is difficult to analyse the structure of 

the virus (252). The HCV particles have a spherical morphology, a density between 

1.15-1.17 g/ml, and an average outer diameter of 55 nm (253). The viral particle 

includes the structural core protein (C), and the envelope glycoproteins E1 and E2 

(232). The non-structural proteins include p7 ion channel, NS1, NS2 protease, NS3 

serine protease and RNA helicase, NS4A polypeptide, NS4B and NS5A proteins and 

NS5B RNA-dependent RNA polymerase (254). The E1 and E2 proteins from the outer 

layer of the virion that encompasses the double-layer lipid envelope that surrounds 
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the viral nucleocapsid (252). The inner spherical nucleocapsid has a diameter of 30-

35 nm and contains the genomic viral RNA and the HCV C protein (252,253). HCV has 

a half-life of only a few hours and production and clearance of an estimated 1012 

virions per day (255). 

 

The process of the HCV life cycle is complex and not fully understood yet (252). The 

main target cell of the HCV virus is hepatocytes, however other types of cells can be 

targeted such as B-cells and dendritic cells (254). The HCV virus attaches to the host 

cell through an interaction between the cell’s surface and receptors on the host cell 

(Figure 1.12). The CD81 protein, which is found on the surface of many cells, is 

thought to be the receptor that binds to the virus (256). The cofactor scavenger 

receptor B type 1 (SR-B1) may also be involved in HCV viral entry as the CD81 receptor 

alone may not be sufficient (256). Other cellular factors such as claudine-1 and 

occludin have also been found to be involved in HCV entry into a host cell (257,258).  

 

Once the viral envelope fuses with the receptors, the virus is internalised and the 

nucleocapsid is released into the cytoplasm (259). The coating of the virus then 

breaks down and the genomic RNA is released and used for translation and 

replication (259). The RNA genome is used for translation at the endoplasmic 

reticulum (260). The resulting single polyprotein precursor has a length of around 

3000 amino acid residues and is eventually cleaved by cellular and viral protease into 

10 viral proteins that are required for replication (260). The replication process is not 

well described but takes place in the ‘replication complex’ which contains non-

structural and cellular proteins (259). NS5B is the key enzyme used during replication, 

however, other non-structural proteins are also important (261). The virus coating is 

made of protein-based capsomeres which are developed by ribosomes and released 

(262). Capsomeres assemble around the viral RNA to form a spherical shaped capsid 

which protects the virus’s genetic material (262). The newly formed virus then travels 

to the cell’s membrane and creates a bud (262). The plasma membrane encircles the 

virus and releases it, providing the virus with a protective lipid coat that it later uses 
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to attach to another cell (262). This process continues for hours until the cell dies 

(262). 

 

Figure 1.12: HCV life cycle (252)  

 
 

1.2.4 Transmission  

HCV is a blood-borne virus and has been widely recognised as a parenterally 

transmitted infection (243). While HCV can be transmitted by sexual contact, it is 

mainly transmitted by direct blood-to-blood contact (263).  

 

1.2.4.1 Blood-to-blood  

Towards the end of the 20th century, HCV was transmitted on a large scale in many 

low- and middle-income countries (LMIC) due to unsafe health care practices and 

injecting drug use (264,265). Transmission occurred earlier in HIC, such a Japan, Italy 

and France, just after the Second World War (227).  
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Among the possible sources of health-care-associated HCV transmission, such as 

dialysis, surgery, and dental care, the Global Health Sector Strategy includes blood 

and injection safety as a core intervention (227). All blood donations should be 

screened for infection prior to use according to WHO recommendations (266). 

However, only 66% of blood donations are screened following basic quality 

procedures in LIC (compared to 99.5% in HIC) (266). Iatrogenic transmission still 

drives the epidemic in LMIC due to unsafe medical procedures and blood transfusions 

(267). Unsafe transfusions are not a major source of population-level transmission, 

however, it remains of particular concern in many LMIC, in settings where the 

prevalence of HCV is high and the quality of blood screening is inadequate (268,269). 

 

Before the introduction of screening blood donations, approximately 10-20% of 

individuals who received multiple blood transfusions or blood products 

seroconverted to anti-HCV positive (270). Therefore, individuals with haemophilia 

and others in need of blood transfusions were at high risk of developing HCV infection 

(271). However, as people with haemophilia received clotting factors pooled from 

multiple donors, they were much more likely to be infected with HCV (and HIV) than 

individuals without haemophilia that received a blood transfusion (270). Tests to 

screen blood/blood products for HCV were made available in 1989, which lead to the 

reduction of HCV transmission through blood transfusion in HIC (272,273). If an 

enzyme-linked immunosorbent assay (ELISA) test is being used, the infection can be 

missed if the donor acquired HCV approximately 6 weeks prior to testing, as that is 

how long it takes for HCV antibodies to appear using an ELISA test (271). The nucleic 

acid amplification test (NAT) can detect the virus 1-2 weeks after infection; universal 

screening using NAT was introduced in the USA in 1999 (274,275). Since the 

introduction of these tests to screen blood, the risk of acquiring HCV through blood 

transfusion has reduced to approximately one in two million (275).  

 

HCV infected individuals cannot give blood, and can only donate organs to those also 

infected with HCV (263). The waiting time for kidney transplants can be up to 5 years 
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in many parts of the USA, however, more than 500 high-quality kidneys are discarded 

annually (276). The Thinker Trial at the University of Pennsylvania aimed to examine 

the safety and efficacy of transplanting the kidneys of deceased HCV positive 

individuals into HCV negative individuals and then treating them with elbasvir + 

grazoprevir (276). All patients had detectable HCV-RNA after the transplant but were 

cured (SVR 12 weeks after completing treatment) (276).  

 

There is a risk of HCV transmission for healthcare workers via injuries from sharp 

objects, or mucous membrane splash injuries, however the risk of transmission 

through this route is generally very low (275). The rate of transmission depends on 

the quantity of blood transferred, the concentration of virus in the blood, the depth 

of the inoculation, and the type of needle (hollow needles transmit more efficiently 

than solid needles) (270). The incidence of seroconversion after exposure to HCV is 

generally estimated to be <2%, however, estimates can range from 0-10% (252). 

Regardless, when a healthcare worker has been exposed to the infection, it is 

important to test the individual and follow-up with treatment when necessary (277).  

 

While HCV transmission has been declining in Western Europe due to increased 

standards of blood safety and a decrease in the rates of needle/syringe sharing, there 

has been an increase in HCV prevalence in Eastern Europe, likely attributable to the 

increase in injection drug use (237,278). Injection drug use has become the 

predominant mode of HCV transmission (252). There is also evidence to suggest that 

the sharing of drug preparation equipment such as cookers, cotton filters, straws and 

other sniffing paraphernalia used during intranasal cocaine use may also cause 

transmission (271). However, the risk of transmission through these items is likely 

less than that for sharing needles and syringes (278). The prevalence of HCV in PWID 

has been estimated to be as high as 70%, however, there is considerable variation 

based on region, risk behaviour, and socioeconomic status (279). Harm reduction 

interventions including the distribution of sterile needles to individuals who inject 

drugs are inadequate (see Section 1.1.4.2 for more details on harm reduction) (227). 
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Considering the large population of PWID with HCV, it is important to scale up harm 

reduction services to reduce the risk of HCV transmission in PWID (227). 

 

1.2.4.2 Mother to child 

The advancements made in understanding HCV are not reflected in the pregnant 

population. The natural history of the virus in pregnant women and infants with HCV 

is not as well understood as it is in other chronic viral infections (243). Therefore, 

while there are clear guidelines in place to prevent the vertical transmission of HIV 

from mother to child, interventions in the HCV setting are not as developed (243). A 

systematic review found that the effect of the mode of delivery, labour management 

strategy or breastfeeding practices has not been clearly shown to reduce the risk of 

HCV transmission (280). The risk of vertical HCV transmission is 2-8% per pregnancy 

in mono-infected mothers, however, increased maternal viremia increases the risk of 

transmission (281). This risk of transmission has been found to be maybe two to four 

times higher in mothers co-infected with HIV (243,282). MTCT of HIV is also more 

frequent in mothers co-infected with HCV (283,284).  

 

1.2.4.3 Sexual transmission  

The risk of sexual transmission is generally low, however the risk may be higher if 

blood is present, such as menstrual bleeding or minor bleeding during anal sex, or 

when stimulants such as methamphetamine, mephedrone, or crystal meth are 

injected in a sexual context (252,285). In monogamous heterosexual couples where 

one partner has chronic HCV, the rate of transmission to the uninfected partner is 

very low (243). A large prospective cohort study of 895 serodiscordant monogamous 

heterosexual couples in Italy found the infection rate to be 0.25 per 1000 person-

years (286). Also, increased transmission has not been associated with any particular 

sex acts among monogamous heterosexual couples, which makes for unambiguous 

messaging given to couples (243). HCV transmission among HIV positive MSM is 

becoming more common especially in large cities across Europe, Australia, and the 

US (287–290). The Swiss HIV cohort found that HCV infection incidence decreased in 
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PWID, remained stable in heterosexuals, but increased 18-fold in MSM between 1998 

and 2011, which highlights the need for more work to improve HCV surveillance in 

HIV-positive MSM (289). Having a history of injecting recreational drugs in a sexual 

context has also been associated with HCV infection, which may explain the increase 

in HCV among HIV positive MSM (252). 

 

1.2.5 HCV disease progression  

HCV infection leads to acute hepatitis, and unless the virus is treated or the individual 

spontaneously clears the infection it can develop into chronic HCV, which can 

eventually progress to more serious diseases, such as liver cirrhosis, liver failure, and 

hepatocellular carcinoma (HCC) (221,224,236,291). Chronic HCV is defined as the 

persistence of HCV-RNA for at least 6 months after the onset of infection (224). 

Persistent HCV infection relies on rapid replication of the virus, and an insufficient 

immune response (292). Chronic HCV is slow to progress, therefore many infected 

individuals do not develop liver-related complications for many years after infection 

(293). The speed of progression to liver-related complications varies greatly 

depending on a number of factors such as alcohol consumption and age at initial 

infection with HCV (293).  

 

HCV-RNA can be detected from approximately 2 weeks after initial infection, 

however, seroconversion can take 6 weeks to occur; the development of detectable 

antibodies may be delayed or on rare occasions never occur in immunocompromised 

individuals, such as HIV positive individuals (294). As HCV antibodies are present even 

after clearing the infection, a NAT is necessary to detect the presence of the virus and 

confirm the individuals current HCV status (236). HCV viral load peaks soon after 

infection followed by a dip; in those that spontaneously clear HCV, the viral load 

continues to decrease until viraemia is no longer detectable (295). 
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Cirrhosis can be either compensated or decompensated; if cirrhosis presents with 

jaundice, ascites, or encephalopathy then it is considered to be decompensated 

(296). Decompensated cirrhosis is also associated with oesophageal and gastric 

varices, and can also lead to life-threatening conditions such as renal failure, sepsis, 

and bleeding in the gastrointestinal tract due to varices (236). Individuals with 

untreated chronic HCV have a 15-30% risk of developing cirrhosis within 20 years of 

acquiring the infection (236). Once an individual develops cirrhosis, the annual rate 

of HCC is 1-4% per year (297). Individuals who are male, over 55 years old or, with 

hazardous alcohol use have an increased risk of progression to HCC (267,293). HCV 

can also cause diseases outside of the liver such as cryoglobulinaemia, 

glomerulonephritis, thyroiditis and Sjögren syndrome, insulin resistance, type 2 

diabetes, and skin disorders such as porphyria cutanea tarda and lichen planus (236). 

  

While HCV mainly affects the liver, it can also lead to extrahepatic manifestations 

(EHM). Approximately 74% of people with HCV will develop a least one EHM, with 

age, sex and advanced liver fibrosis being the most common risk factors for clinical 

or biological EHM (298). Autoimmune and lymphoproliferative diseases such as 

cryoglobulinemia and lymphomas were found to be associated with HCV soon after 

the discovery of the virus (299). However, since then, there have been reports of HCV 

causing renal, metabolic cardiovascular, and central nervous system diseases (300). 

Some common EHMs are mixed cryoglobulinemia, some subtypes of B cell non-

Hodgkin's lymphoma, membranoproliferative glomerulonephritis, porphyria cutanea 

tarda (PCT), and lichen planus (301). 

 

Factors that affect disease progressions: 

While the variation in disease progression may not be completely understood, there 

are a number of factors that have been identified as influencing the progression of 

HCV. Individuals who were <30 years old when they acquired the infection are 2-3 

times less likely to progress to cirrhosis 20 years later (302). However, if an individual 
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acquired HCV after the age of 40-55, then their progression to liver injury is more 

rapid (252). Only 2% of immunocompetent subjects infected before age 20 

progressed to cirrhosis in 20 years, compared to 63% of those infected after age 50 

(303). Faster progression of fibrosis has also been found among individuals with liver 

transplants from older donors (304). Males with chronic HCV are reported to have 

faster progression to cirrhosis than females, also nearly 70% of liver transplant 

recipients for HCV were male (305,306). This difference could be partially explained 

by oestrogen altering hepatic fibrogenesis by inhibiting the activity of the hepatic 

stellate cell, which is a major cell involved in liver fibrosis (307). African Americans 

with chronic HCV have higher rates of HCC, lower response rates to interferon 

treatment and higher liver-related mortality than white individuals (307). However, 

African Americans are less likely to progress to cirrhosis, have lower alanine 

aminotransferase levels and lower activity on their biopsy scores, therefore the 

increased liver-related mortality could be due to racial disparities in the treatment of 

patients with HCV (307,308). 

 

As mentioned before, not all individuals with acute HCV will become chronically 

infected. This progression is extremely variable and depends on a variety of factors. 

The immune response to HCV is important to determine the outcome of acute HCV 

and long-term disease progression HCV (243). There is genetic evidence to suggest 

that the interferon-λ3 and interferon- λ4 gene, formally known as interleukin-28B 

(IL28B), impacts the likelihood of the spontaneous clearance of HCV (309,310). 

 

Being co-infected with HIV negatively impacts the course of HCV progression. 

Individuals who are HIV/HCV co-infected are less likely to spontaneously clear HCV, 

as following acute infection approximately 90% will develop chronic HCV (247). This 

increased risk of chronic infection is associated with HIV/HCV co-infected individuals 

having a higher HCV viral load, which is believed to be partly related to the decline in 

CD4 and CD8 T-cell response to HCV (247). HIV/HCV co-infected patients are also 

three times more likely to develop cirrhosis or liver decompensation than those HCV 
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mono-infected (311). In the absence of ART, co-infected individuals also have a faster 

progression to cirrhosis and liver disease, especially if their CD4 count is <200 

cells/mm3 (227,244,248). The effect of HCV on HIV is less clear. An analysis carried 

out among 2235 HIV positive individuals who were part of the Swiss HIV cohort study 

and started HAART between 1996 and 1997 found that in the first year of HIV 

treatment, individuals co-infected with HCV had smaller increases in their CD4 count 

than HCV seronegative individuals (312). However, the EuroSIDA Cohort Study did 

not find any evidence of HCV negatively impacting HIV disease progression (313).  

 

Fibrosis Markers 

Liver fibrosis occurs as a result of chronic damage to the liver. Tissue damage healing 

is considered the response to chronic liver injury, which causes excessive 

accumulation of extracellular matrix proteins (314). These proteins damage the liver 

by forming scars, which later develop into nodules that define cirrhosis and can lead 

to hepatic insufficiency (314). Figure 1.13 shows the natural history of the HCV mono-

infection if left untreated. The risk of cirrhosis in untreated individuals with chronic 

HCV is 15-30% within 20 years (302). Once an individual has cirrhosis the risk of 

hepatocellular carcinoma (HCC) is 2-4% per year, although rates up to 7% have been 

reported in Japan (297). The yearly rate of decompensated cirrhosis among HCV 

positive individuals with cirrhosis is 4% (315). HCV is one of the leading causes of liver-

related morbidity and mortality, therefore staging of fibrosis is vital for management 

and prognosis of individuals with HCV (316). 
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Figure 1.13: Natural history of chronic HCV (236,315) 

 

 

Fibrosis staging is important for HCV infected individuals as it identifies those who 

are in need of enhanced monitoring and prioritisation of treatment before they 

develop decompensated cirrhosis (236). The METAVIR system is the most widely used 

biopsy-scoring method, which ranks fibrosis as F0 (no fibrosis), F1 (mild fibrosis), F2 

(significant fibrosis), F3 (advanced fibrosis), or F4 (cirrhosis) (296,317). A liver biopsy 

is the gold standard test for measuring liver fibrosis, however, it is an invasive 

procedure that can cause pain (20%) or major complications (0.5%) (318). There is 

even a small risk of procedure-related mortality, with a mortality rate of 0.009-0.12% 

(319). The liver biopsy is considered to be an imperfect gold standard due to a 

number of issues with the accuracy of the liver biopsy (320). There is variability in the 

distribution of fibrosis across the liver; however biopsies only sample a very small 

part, and the length of the biopsy specimen is significantly associated with the 

accuracy (321). Bedossa et al. reported that using the METAVIR scoring system, 65% 

of biopsies 15mm in length were categorised correctly, while 75% were categorised 

correctly if the specimen was 25mm (321). Also, even when the optimal sample is 

achieved, there is still a small risk of inter and intra-observer bias (322).  

 

The drawbacks of using liver biopsy to determine fibrosis stage have led to the 

development of non-invasive methods (316). Laboratory test results and an 

algorithm generated from factors that are associated with fibrosis such as age can be 

used as a non-invasive method for evaluating the stage of fibrosis (323). Non-invasive 

(4% per year 
in cirrhosis)  
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markers are cost-effective, can be carried out at frequent intervals, and some have a 

high prognostic value, making them an appealing alternative to a liver biopsy 

(293,316). Due to the accessibility of the aspartate aminotransaminase (AST)/Platelet 

Ratio Index (APRI) (𝐴𝑃𝑅𝐼 =

𝐴𝑆𝑇 𝑙𝑒𝑣𝑒𝑙 (𝐼𝑈/𝐿)

𝐴𝑆𝑇 (𝑈𝑝𝑝𝑒𝑟 𝐿𝑖𝑚𝑖𝑡 𝑜𝑓 𝑁𝑜𝑟𝑚𝑎𝑙)(𝐼𝑈/𝐿)
𝑋100

𝑃𝑙𝑎𝑡𝑒𝑙𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 (109/𝐿)
) and FIB-4 tests (𝐹𝐼𝐵4 =

 
𝐴𝑔𝑒 × 𝐴𝑆𝑇 𝐿𝑒𝑣𝑒𝑙 (𝐼𝑈/𝐿)

𝑃𝐿𝑎𝑡𝑒𝑙𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 (109/𝐿)× √𝐴𝐿𝑇 (𝐼𝑈/𝐿)
), they are recommended for the assessment of liver 

fibrosis and cirrhosis by WHO in resource limited settings (236). Compared to liver 

biopsy, a meta-analysis found that the APRI score cut-off of 2.0 for diagnosing 

cirrhosis has a sensitivity of 46% and a specificity of 91% (323). These tests are not 

able to accurately assess all stages of fibrosis or cirrhosis, for example, APRI has been 

validated for the diagnosis of significant fibrosis (≥F2) and cirrhosis (F4) (236,316). 

However FIB-4 test has only been evaluated for the diagnosis of fibrosis (≥F2) 

(236,316). The best non-invasive method for assessing the level of fibrosis and 

cirrhosis is the Fibroscan test, which is based on ultrasound technology using 

transient elastography to examine liver stiffness and assess the level of fibrosis and 

cirrhosis (236). The Fibroscan test has better diagnostic accuracy for detecting 

advanced fibrosis and cirrhosis than the APRI score and FIB-4, however there is a lack 

of validated cut-off values for all stages of fibrosis. Also, the cost of the equipment 

and need for regular recalibration and trained operators makes the Fibroscan less 

accessible in low-income settings (236). 

 

1.2.6 Treatment of HCV 

The main goal of treating HCV is achieving a sustained virological response (SVR) 

which indicates that HCV therapy has successfully cured the HCV infection (243,324). 

SVR is defined as an undetectable HCV-RNA at least 24 weeks (SVR24) after treatment 

completion of an interferon-based regimen or 12 weeks (SVR12) after treatment 

completion if on an interferon-free DAA regimen (311). Both SVR12 and SVR24 are 

acceptable endpoints approved by regulators in the USA and Europe given that their 

concordance is over 99% (325). Achieving SVR has been associated with significant 

improvement in mortality, liver histology, many other clinical outcomes in 
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comparison with individuals who do not achieve the same clinical milestone, as 

eradication of HCV reduces the progression of liver disease, liver-related and all-

cause mortality (324,326–328). The rate of relapse after achieving SVR is very low, 

with 99% of individuals remaining infection-free 5 years after achieving SVR which 

suggests achieving SVR is indicative of curing HCV (324,329,330). 

 

Interferon was originally found to treat HBV, a pilot study was later conducted in 1986 

at the National Institutes of Health to test the effect of interferon on HCV (then 

NANBH) (331). The results of this study led to further trials with mid-sized control 

groups which confirmed the positive effect of interferon (332,333). Three million 

units of interferon were administered by subcutaneous injection 3 times a week, and 

while roughly one-third of patients responded to treatment, many relapsed which 

meant the SVR rate was approximately 6% (Figure 1.14) (332,333). Trials followed 

which aimed to establish the appropriate dose and treatment length, and increasing 

treatment length to 48 weeks raised SVR rates to 16% (334). Treating HCV with 

ribavirin was found to reduce alanine aminotransferase (ALT) levels, however, had no 

significant effect on HCV-RNA levels (335). Later ribavirin was found to improve SVR 

rates when combined with interferon (336). Pegylation was used to improve the half-

life of interferon, and taking pegylated-interferon (PEG-IFN) once a week was found 

to be more effective than taking interferon 3 times a week (337). Studies showed 

taking PEG-IFN in combination with ribavirin was better than interferon plus ribavirin 

(338). A Cochrane review published in 2014 examined the difference between using 

PEG-IFN + ribavirin vs interferon + ribavirin (339). They found that PEG-IFN + ribavirin 

significantly increased the proportion of patients achieving SVR compared to those 

taking interferon + ribavirin (50.2% compared with 38.5%), however there was 

insufficient evidence to suggest PEG-IFN + ribavirin improved liver-related mortality 

in comparison to interferon + ribavirin (339). There was also evidence to suggest that 

taking PEG-IFN + ribavirin increased the risk of certain adverse events (339).  
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For many years HCV treatment was comprised of PEG-IFN and ribavirin for all 

genotypes and was taken for up to 48 weeks (243). PEG-IFN has a very poor side 

effect profile, can be difficult to tolerate and only results in SVR in 50% of patients. 

However, there is variation in SVR rates depending on HCV genotype, as those with 

genotype 1 do not respond as well to interferon as those with genotype 2 or 3 (254). 

Interferon-based regimens have even lower SVR rates and are more difficult to 

tolerate in individuals co-infected with HIV (248). Trials reported SVR rates between 

27-44% depending on the HCV genotype in co-infected individuals treated with PEG-

IFN (340–343), and a real-world study carried out in Spain found a similar result (31% 

- 33%) (344). Due to the lower odds of achieving SVR, and an increased number of 

adverse events (AEs), HIV/HCV co-infected individuals with milder levels of fibrosis 

were infrequently treated in the interferon era, preferring to wait for improved 

treatment options (345).  

 

Figure 1.14: Development of HCV therapy (322) 
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However, the HCV treatment landscape has been revolutionised with the 

introduction of DAAs (243). Interferon was initially combined with DAAs, however 

now IFN-free combinations of DAAs are being used to treat HCV (346). During the 

interferon era, SVR rates were lower in co-infected individuals, however, treatment 

with DAAs leads to similar rates of SVR in mono and co-infected individuals (347). 

While DAAs can cure HCV, there is uncertainty about their ability to reduce the overall 

population burden of liver disease, as many individuals with chronic HCV are 

undiagnosed and transmission of HCV is increasing (348). There is a vaccine for other 

forms of viral hepatitis (hepatitis A, B, and E virus) however there is currently no HCV 

vaccine available (348). There are a number of vaccines under development, which 

would go a long way in controlling the HCV epidemic (348). Given the high cost of 

DAAs, an HCV vaccine could still be an important intervention to help reduce the 

transmission of HCV (349). 

 

Major advances in the understanding of HCV virology led to a better understanding 

of the key HCV enzymes and the steps involved in the HCV lifecycle (350). Of the 10 

viral proteins that are cleaved from the one polyprotein formed during the replication 

cycle, 4 have been found to be good targets for DAAs (351). DAAs are taken orally 

and treatment duration is usually between 8-12 weeks, however in some more 

complicated cases treatment duration can increase to 24 weeks (188). There are 

currently 13 different DAAs (351). All HCV infected individuals should be considered 

for treatment, however the regimen used depends on the HCV genotype, prior 

treatment history, pre-existing viral mutations, natural history and stage of disease, 

and evaluation of conditions that may affect therapy (352). 

 

The first DAAs to be developed were NS3/4A protease inhibitors (PIs). NS3-

dependent cleavage of the HCV polyprotein is necessary to form mature proteins, 

therefore, inhibiting NS3 protease activity can block RNA replication (353). The first 

generation PIs, boceprevir and telaprevir were taken with PEG-IFN and ribavirin and 

found to improve the response in individuals with genotype 1 (354,355). However, 
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boceprevir and telaprevir, are no longer recommended due to adverse events and 

low cure rates and have been discontinued as there are newer PIs that have 

superseded these drugs (236,351). PIs generally have a low resistance barrier (in 

monotherapy), multiple drug interactions, hepatic side effects, and are used in 

genotypes 1 and 4 (351). Second generation PIs are better tolerated and have 

improved efficacy. Two new PIs, voxilaprevir and glecaprevir, were recently approved 

and can be used to treat any genotype (351).  

 

The amplification of the HCV genome by the RNA polymerase NS5B is a crucial step 

in the HCV life cycle (356). This enzyme can be inhibited by nucleos(t)ide and non-

nucleos(t)ide analogues, therefore the NS5B drug class is further divided into 

nucleos(t)ide (NS5B-NI) and non-nucleos(t)ide inhibitors (NS5B-NNI) (356). NS5B-NIs 

work by providing false substrates for the polymerase leading to premature chain 

termination (356). Sofosbuvir, the only NS5B-NI currently available, has high efficacy, 

resistance barrier, tolerability and is pan-genotypic (351). NS5B-NNIs block the 

polymerase function by binding to four sites outside the catalytic site, which results 

in a lower barrier to resistance (351,356). The only NNI approved is dasabuvir, and 

while it is not as effective as sofosbuvir, it can be used as part of a multiple drug 

regimen with ritonavir-boosted paritaprevir (NS3/4A PI) and ombitasvir (NS5A 

inhibitor) against genotype 1 (356). 

 

The membranous web is a specific subcellular structure that hosts HCV replication, 

translation, and processing of viral proteins (356). The NS5A protein is required for 

the formation of the membranous web, replication of HCV-RNA, and assembly of 

virions (356). NS5A inhibitors block HCV-RNA synthesis at the membranous web 

development stage and impair viral assembly by stopping the delivery of HCV 

genotypes to assembly sites (357). There are currently 6 approved NS5A inhibitors, 

and despite their high efficacy, pan-genotypic activity and little drug-drug 

interactions, problems can arise due to varying resistance barriers (351). While they 
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are highly potent drugs, in comparison to protease and polymerase inhibitors they 

are slower at preventing HCV-RNA synthesis (357).  

 

Guidelines from the American Liver Association for the Study of Liver Diseases 

(AASLD) with the Infectious Disease Society of America (IDSA), the European 

Association for the Study of the Liver (EASL) and the European AIDS Clinical Society 

(EACS) have been published on the screening, treatment, and management of HCV 

patients (188,358,359). The WHO also published guidelines in 2016 which can be 

applied to any country, but is mainly targeted towards policy-makers in LMIC (236). 

All guidelines recommended that individuals with active HCV infection are considered 

for HCV treatment (188,236,358,359). EASL guidelines recommend considering all 

patients with HCV-associated chronic liver disease for treatment, and immediate HCV 

therapy for those with significant fibrosis or cirrhosis, extrahepatic manifestations, 

recurrence after liver transplant, and individuals with high-risk behaviours that are at 

risk of transmitting the virus (359). EASL also do not recommend treatment for 

patients with limited life expectancy, which is in line with the AASLD/IDSA guidelines 

(358,359). The WHO recommends the use of interferon-free regimens, however they 

recommend sofosbuvir + PEG-IFN + ribavirin as an alternative treatment option for 

individuals with genotype 3 and cirrhosis, and individuals with genotype 5 and 6 with 

or without cirrhosis (236).  

 

HCV treatment uptake and efficacy were low during the interferon (IFN) era, 

especially among PWID and HIV positive MSM (278). The introduction of tolerable 

and highly-effective IFN-free DAAs has led to an increase in treatment uptake and 

cure, and may subsequently lead to a decrease in reinfection rates in high-risk groups 

by reducing the number of infectious individuals (278). Modelling studies suggest 

treating those at the highest risk of HCV transmission could reduce HCV incidence 

and prevalence (360,361). Studies among HIV positive individuals in Switzerland and 

the Netherlands both showed prompt and unrestricted access to HCV treatment can 

lead to a 50% reduction in HCV incidence (362,363). HIV and HCV treatment 
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guidelines recommend treatment of all HCV infected individuals (in particular, PWID 

and MSM) which could lead to a reduction in HCV transmission, however, not all 

countries in Europe are following these guidelines (364–367). A review of restrictions 

for reimbursement of DAA therapies between November 2016 and August 2017 in 

European countries (n=35) found that 6 (17%) countries, mainly in Eastern or 

Southern Europe, required abstinence from drug use or alcohol use (366). Also, 16 

(46%) countries across all regions of Europe restricted DAAs to people with significant 

liver fibrosis (liver fibrosis ≥ METAVIR stage F2) (366). While the uptake of DAAs in 

Europe since 2014 has been increasing over time, there is still a significant difference 

in treatment uptake across the region, which is mainly due to the high cost of the 

drugs and limited access in certain patient groups (368). Also, the concerns around 

reinfection can prevent some clinicians from treating HCV in individuals from high-

risk groups, mainly PWID (369).  

 

Some countries, such as Georgia, have introduced a national program to reduce HCV 

prevalence by aiming to diagnose and treat all individuals with chronic HCV (370). 

However, there are certain settings that impact access to treatment, for example, in 

HIC many individuals at risk are PWID who might not access health care in the same 

way (371). The cost of DAAs is also too high for many countries with high HCV 

prevalence (371). The high cost of DAAs is one of the main limiting factors of 

increasing access to treatment, however steep price reductions have been achieved 

since 2015 (Figure 1.15) (228). This was mainly due to increasing competition from 

generic drug manufacturers (228). Globally 60% of individuals with HCV are living in 

countries that can produce affordable generic drugs (228). However, DAA prices are 

still unaffordable in many upper-middle and high-income countries, which is 

hindering equitable access to treatment (228).  
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Figure 1.15: Lowest price of sofosbuvir in low- and lower-middle-income countries, per 28 
day supply, 2015-2017 (228)  

 
 

 

While antivirals can cure HCV, they do not protect against reinfection (371). In the 

absence of a vaccine against HCV, those who have been cured are still at risk of 

reinfection (372). Recurrence of HCV can be due to a late relapse or reinfection, both 

of which reverse the benefits of achieving SVR (373). Data from human and 

chimpanzee studies of primary HCV infection suggest that previous HCV infection can 

provide some protection against persistent HCV reinfections (374). HCV infected 

individuals in Scotland were followed-up after achieving SVR, and the risk of 

reinfection was found to be low, however, reinfection is of particular concern among 

PWID and MSM (375,376). As the cost of DAA treatment is high, the risk of reinfection 

can cause some reluctance among physicians to treat PWID (375). A meta-analysis of 

studies analysing HCV reoccurrence 5-year post-treatment also found that SVR rates 

remained high (373). Co-infected individuals had a higher recurrence rate which was 

driven by reinfection rather than relapse (373). A recent study carried out across 8 

centres in Western Europe retrospectively analysed HCV reinfections that occurred 

between 2002 and 2014 among 606 HIV positive MSM who cleared HCV (377). They 

reported an increase in reinfection rates after each subsequent reinfection among 
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HIV/HCV co-infected MSM (377). Therefore, as well as increasing access to HCV 

treatment, it is also important to target interventions at reducing high-risk 

behaviours to reduce HCV incidence (372). 

 

Guidelines from the WHO, AASLD/IDSA, EASL and EACS all recommend prioritising 

the treatment of HCV in HIV/HCV co-infection individuals (188,236,358,359). 

Guidelines also recommend that HIV/HCV co-infected individuals are treated the 

same as HCV mono-infected individuals (188,236,358,359). DAAs have been shown 

to cure 91-100% of HIV/HCV co-infected individuals in clinical trials (347). However, 

drug-drug interactions exist between some DAAs and HIV antivirals such as efavirenz, 

nevirapine, lopinavir, ritonavir elvitegravir and cobicistat, therefore patients may 

need to switch their ARVs before starting HCV treatment (351,378). The interactions 

between DAAs and antiretrovirals occur due to the shared metabolic pathway via 

cytochrome P450, which can lead to drug concentrations increasing which causes 

toxicity or decreasing and causing virological rebound (379). Therefore, DAAs with 

strong inducers of the cytochrome P450 3A family and p-glycoprotein, such as PIs 

simeprevir and paritaprevir, are not recommended to be used in co-infected 

individuals (351,356). Potential drug interaction must be considered before starting 

HCV therapy to minimise risks (378). A cohort study found that sofosbuvir combined 

with an NS5A inhibitor to be the most suitable regimen to be co-administered with 

ART (379). 
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Chapter 2 Methods 

2.1 Thesis aims 

As described in Chapter 1, there are many challenges facing people living with HIV 

and HCV co-infection. As HIV and HCV are both blood-borne viruses with shared 

transmission routes, there are many individuals living with HIV and HCV co-infection 

(380). Following the introduction of effective cART, AIDS-related mortality has 

decreased, and as HIV positive individuals are living longer, issues surrounding HCV 

co-infection have become more prevalent (381). In the absence of ART, individuals 

co-infected with HIV are 3 times more likely than HCV mono-infected individuals to 

develop cirrhosis or liver decompensation (382). Therefore HCV co-infection has 

become a major public health concern globally and in Europe (227). The introduction 

of safe and highly effective DAAs in 2013 drastically improved the HCV treatment 

landscape and significantly helps to tackle the global burden of HCV (351). In 2016 

the WHO adopted the Global Health Sector Strategy plan, committing to eliminating 

HCV by 2030 (227,231). This requires a 90% reduction in HCV incidence and a 65% 

reduction in HCV-related mortality compared to the 2015 baseline (227).  

 

The aim of this thesis is to improve our understanding of the priority areas for action 

to achieve elimination 2030, by describing the epidemiologic characteristics of 

HIV/HCV co-infected individuals in Europe and identifying barriers to achieving 

optimal clinical outcomes. There are four results chapters included in this thesis 

(Chapters 3 to 6), each one providing useful information to help monitor progress 

towards the WHO goals and which also highlight areas that need work to achieve 

elimination by 2030. The aims and rationale of each analysis have been described in 

the specific chapters, however, below is a brief overview of the aims of each of the 

results chapters: 
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Chapter 3: Regional differences across Europe in advanced fibrosis and cirrhosis 

among HIV/HCV co-infected individuals, between 2010-2018 

Liver-related deaths are the second most common non-AIDS related cause of death 

(after non-AIDS defining cancers) (383). Therefore, describing the burden of fibrosis 

is important to improve the management of individuals living with HIV/HCV co-

infection. However, the burden of fibrosis has not been well described in Europe, 

with many studies having strict inclusion criteria or small sample size. The aim of this 

analysis was to explore the change in advanced fibrosis over time between 2010 and 

2018, and also describe factors associated with having advanced fibrosis 

 

Chapter 4: Establishing a cross-sectional and longitudinal hepatitis C continuum of 

care among HIV/HCV co-infected individuals in EuroSIDA 

The CoC is a useful tool that is widely used to describe how PLWH transition through 

care. However, the CoC model can also be applied to other disease areas and is a very 

useful method to describe the movement of HCV positive individuals from diagnosis, 

to treatment, to cure (384). The literature on the HCV CoC lacked a standardised 

methodology, which created issues around comparability. Therefore, the aim of this 

chapter was to develop a cross-sectional and HCV CoC, to describe how HIV/HCV co-

infected individuals transition through HCV care. While the cross-sectional CoC is a 

very useful tool, there are a few limitations with this method, mainly, only being able 

to see where individuals are at one point in time and not being able to formally 

explore changes over time. Therefore, another aim of this chapter was to develop a 

longitudinal method to explore the HCV CoC, based on the methodology developed 

by Jose et al. to express the HIV CoC longitudinally (385). Both the cross-sectional and 

longitudinal methodologies were applied to the EuroSIDA study at different time 

points to describe how people living with HIV/HCV co-infection transitioned through 

care before and after widespread access to DAA therapy, and how this varied for 

different regions in Europe 
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Chapter 5: Effectiveness and safety of IFN-free DAA HCV therapy in HIV/HCV co-

infected individuals: Results from a pan-European study 

While there are many clinical trials highlighting the high efficacy and safety of new 

DAA treatments, results from real-world studies are limited. Real-world data is 

important as clinical trials tend to include a highly selective group of individuals who 

have better outcomes than the general population (386). This chapter aimed to 

explore the proportion of individuals who achieved SVR12 after being treated with 

an IFN-free DAA regimen and to determine the prevalence and reasons for premature 

discontinuation of DAA treatment. Treatment side effects and factors associated with 

achieving SVR12 were also explored. Finally, the change in laboratory values over 

time was described based on different factors.  

 

Chapter 6: HCV reinfection among HIV/HCV co-infected individuals in Europe 

In the era of new effective DAA treatment, curing HCV is possible in over 90% of 

HIV/HCV co-infected individuals (see Chapter 5). However, as no vaccine has been 

developed for HCV, reinfection is still possible after achieving SVR. Clearance of some 

viruses, such as hepatitis A, can provide lasting immunity against reinfection (387). 

However, spontaneously clearing HCV does not protect against reinfection (374). 

While there are some studies exploring reinfection after SVR, they were mainly 

carried out in the IFN era. The aim of this chapter was to describe the proportion of 

individuals who were reinfected after achieving SVR or spontaneously clearing HCV 

and explore factors associated with reinfection after achieving SVR.  

 

2.2 The EuroSIDA study  

The analysis carried out in this thesis is based on data from the EuroSIDA study 

(https://chip.dk/Studies/EuroSIDA), which is a large ongoing prospective 

observational cohort study that began enrolling HIV-1 positive patients in May 1994. 

In the summer of 2016 there was data on over 23071 HIV-positive individuals aged 

https://chip.dk/Studies/EuroSIDA
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16 or older enrolled into the study, which contributes to 174481 person-years of 

follow-up (PYFU) (388). There are around 100 participating centres in 35 European 

countries, Israel and Argentina. These countries are commonly categorised into 5 

regions of Europe (Figure 2.1). The number of centres in each country and region can 

be seen in Table 2.1. 

 

Figure 2.1: Map of countries* and regions† in EuroSIDA 

 
*Israel and Argentina also contribute data to EuroSIDA (included in the Southern European region) 
†Regions: South, Central-West, North, Central-East, and East 
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Table 2.1: Countries and regions in EuroSIDA (n centres) 
South (n=20) Central-West (n=23) North (n=21) Central-East (n=16) East (n=16) 

Argentina (n=1) Austria (n=2) Denmark (n=6) Bosnia-Herzegovina (n=1) Belarus (n=3) 

Greece (n=2) Belgium (n=3) Finland (n=1) Croatia (n=1) Estonia (n=2) 

Israel (n=4) France (n=4) Iceland (n=1) Czech Republic (n=2) Georgia (n=1) 

Italy (n=5) Germany (n=7) Ireland (n=1) Hungary (n=1) Latvia (n=1)* 

Portugal (n=3) Luxembourg (n=1) Netherlands (n=1) Poland (n=7) Lithuania (n=2) 

Spain (n=5) Switzerland (n=6) Norway (n=1) Romania (n=2) Russia (n=5) 

  Sweden (n=3) Serbia (n=1) Ukraine (n=3) 

  United Kingdom (n=7) Slovakia (n=1)*  

   Slovenia (n=1)  

Central-East and Eastern Europe are sometimes combined when there is not enough data 
*Not currently contributing data 
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The EuroSIDA study was established by Professor Jens D Lundgren in 1994. It was the 

successor of The AIDS in Europe Study, which aimed to determine factors associated 

with HIV-related mortality (389). They collected information on 6655 individuals with 

an AIDS diagnosis between 1979 and 1989 from 52 participating centres across 17 

European countries (389). Improvements in HIV treatment (described in Chapter 1, 

Section 1.1.6) resulted in significantly improved survival among people living with HIV 

(PLWH), which led to the diversification of the cohort. While the main aims of the 

EuroSIDA study have remained the same, the study has grown and adapted to meet 

the changes in the HIV research field. Currently, the 4 main objectives of the study 

are (388): 

1) Monitoring and safety of ART 

2) Monitoring current or emerging late-onset adverse events 

3) Monitoring temporal changes and regional differences in HIV care and 

management across Europe 

4) Monitoring uptake and outcomes of HCV therapy, particularly DAAs 

 

The EuroSIDA study contributed data to a number of other collaborative cohort 

studies, such as COHERE (Collaboration of Observational HIV Epidemiological 

Research in Europe) and D:A:D (Data collection on Adverse events of anti-HIV Drugs), 

both of which have now stopped data collection. EuroSIDA is also a founding partner 

of RESPOND (The International Cohort Consortium of Infectious Disease), which is a 

multi-cohort observational study (more details found here: 

https://chip.dk/Studies/RESPOND/About).  

 

To date, EuroSIDA has published over 300 manuscripts (including those in 

collaboration with other cohorts) in peer-revived journals (h-index 52), details of 

which can be found at: https://chip.dk/Studies/EuroSIDA/. Finding from this study 

have also contributed to European HIV treatment guidelines. 

https://chip.dk/Studies/RESPOND/About
https://chip.dk/Studies/EuroSIDA/
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2.2.1 Coordination 

The study is coordinated by the Coordinating Centre based at the Centre of Excellence 

for Health, Immunity and Infections (CHIP) at Rigshospitalet, Copenhagen, Denmark. 

The statistical centre for EuroSIDA is based at the UCL Royal Free Hospital in London 

and has very close links with the Coordinating Centre in Copenhagen.  

 

Each participating centre that contributes data has a principal investigator, who has 

a number of responsibilities, including obtaining and maintaining ethical approval, 

and enrolling patients, and obtaining informed consent forms from them. The 

EuroSIDA study is led by the steering committee, which is made up of principal 

investigators from participating centres across Europe. The members of the steering 

committee are elected every 5 years. There are currently 17 individuals on the 

steering committee, including the chair (Gilles Wandeler) and co-chair (Roger 

Paredes) who were elected by the steering committee. The committee 

communicates via teleconference approximately every 2 months and face-to-face at 

least once a year at a HIV conference (before the COVID-19 pandemic). During these 

meetings, they discuss current projects, new proposals, and the general running of 

the study. A full list of the EuroSIDA study group can be found in Appendix I. 

 

The main responsibilities of the steering committee are to acquire funding and to 

approve research proposals. Research proposals 

(https://chip.dk/Studies/EuroSIDA/Submit-research-concept - Appendix II) can be 

submitted to EuroSIDA by a member of the study group or an external collaborator. 

All proposals go through a rigorous review process, which includes feasibility checks 

carried out by a member of the statistical centre. A minimum of 2 members of the 

steering committee is also required to independently review each proposal, which is 

then be discussed at the next steering committee meeting. Before the proposal is 

approved, changes or queries from the steering committee must be addressed. Also, 

depending on the project, funding may need to be provided by the individual 

https://chip.dk/Studies/EuroSIDA/Submit-research-concept
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proposing the study (further project proposal details can be found here: 

https://chip.dk/Studies/EuroSIDA/Submit-research-concept). 

 

2.2.2 Enrolment/recruitment  

Recruitment at EuroSIDA is ongoing to ensure the study population is representative 

of the HIV population in Europe. Cohorts are enrolled at regular intervals, and to date, 

10 patient cohorts have been recruited. An 11th cohort started enrolment at the end 

of 2019 and plans to include approximately 2000 HIV positive individuals, regardless 

of their HCV status. To ensure that participants with irregular follow-up are not 

excluded from the study, consecutive enrolment of unselected individuals is 

recommended. For each cohort, a predefined number of patients were enrolled from 

each site. Individuals enrolled in cohorts I-III were required to have a CD4 count of 

<500 cells/mm3 in the 4 months prior to entry, however, this was not a criterion for 

the following cohorts. Participants from Central-Eastern Europe were first enrolled 

into the study in 1999 (cohort IV) from collaborating centres in the Czech Republic, 

Hungary and Poland, and participants from Eastern Europe were enrolled from 

cohort V. In an attempt to increase the limited amount of data from Eastern Europe, 

half of the individuals enrolled from cohort VI onwards were from Eastern Europe. 

This drive to include more data from Eastern Europe was to provide a clearer 

description of the increasing epidemic in East Europe and to ensure all regions of 

Europe were represented in EuroSIDA. Individuals in cohorts I to IX were enrolled 

irrespective of HCV status, however, HIV positive individuals enrolled in cohort X 

were also required to be anti-HCV positive (HCV-RNA positive or negative). Cohort X 

was enrolled from June 1st 2014 until December 31st 2016, and during this time, 4039 

consecutive patients were enrolled into cohort X. The number of individuals enrolled 

in each cohort can be seen below in Table 2.2. 

 

 

 

https://chip.dk/Studies/EuroSIDA/Submit-research-concept
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Table 2.2: Summary of individuals included in each cohort 

Cohort Number of people Date of enrolment 

I 3115 Spring 1994 

II 1364 Winter 1995 

III 2837 Spring 1997 

IV 1225 Spring 1999 

V 1223 Winter 2001 

VI 2118 Winter 2003 

VII 2458 Winter 2005 

VIII 2254 Summer 2008 

IX 2500 Spring 2012 

X 4039 Summer 2014 

XI Still enrolling Commencing winter 2019 

 
 

2.2.3 Data collection 

Data are collected prospectively at clinical sites, which are responsible for 

maintaining ethical approval and obtaining informed consent from all patients 

according to local regulations (as mentioned above). Since 2014 EuroSIDA has 

collected data using electronic forms through the Research Electronic Data Capture 

(REDCap) system. There are some centres that submit all their data, or just lab data, 

in an Access File in the HIV Cohorts Data Exchange Protocol (HICDEP) format (390). 

Prior to this data were collected on paper forms. The data is sent to the EuroSIDA 

coordinating centre at CHIP at 12-month intervals (data were previously sent every 

6-months prior to 2017). Data collection forms are completed at enrolment, and then 

once a year to standardise data collection. EuroSIDA is a non-interventional study, 

which therefore collects data at routine clinic visits. Table 2.3 provides an outline of 

the data collected by EuroSIDA.  

 

Table 2.3: Summary of data collected by EuroSIDA 
Demographics Date of birth 

Gender 

Race 

Cohort 

Centre ID 

Country of origin 
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Region of Europe 

Mode of HIV infection 

Mode of HCV infection 

Basic clinical information Date of visit 

Height 

Weight  

Blood pressure 

Smoking status  

Alcohol abuse 

Injecting drug use 

Pregnancy  

Family history of MI 

Hospitalisation* 

HIV HIV-RNA  

CD4 count 

CD8 count 

HIV subtype 

Resistance testing* 

HIV treatment Start and stop dates 

Reason for discontinuation  

Adherence rating* 

Hypersensitivity reaction and liver toxicity to integrase inhibitor† 

Hepatitis Anti--HBs 

HBV surface antigen (HBsAg) 

HBV DNA  

HCV antibody 

HCV-RNA 

HCV genotype and subtype 

HCV treatment Start and stop dates 

Start and stop dosage* 

Reason for discontinuation  

Laboratory values during treatment* 

AEs associated with HCV treatment* 

Laboratory values Alanine aminotransferase 

Aspartate aminotransferase 

Alkaline phosphatase 

Bilirubin 

Glucose 

Haemoglobin 

INR 

Leukocytes* 

Platelet count 

S-creatinine 

S-lactate* 

S-amylase* 

Serum HDL cholesterol 

Serum total cholesterol 
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Serum triglycerides 

Other tests Liver biopsy 

Fibroscan elastography  

Hyaluronic acid‡ 

APRI (calculation) 

FIB-4 (calculation) 

Cancers Date and diagnosis of AIDS-defining cancer 

Date and diagnosis of non-AIDS defining cancer 

AIDS-defining event Date of AIDS onset 

Liver-related events‖ Ascites 

Severe hepatic encephalopathy (grade III or IV§) 

Hepatorenal syndrome 

Oesophageal variceal bleeding 

Liver decompensation 

Hepatocellular carcinoma (HCC) 

Other clinical events‖ Cardiovascular disease (CVD) 

Diabetes 

Pancreatitis 

Renal disease 

Lactic acidosis* 

Avascular necrosis* 

Bone fractures 

Lipodystrophy* 

Date and diagnosis of non-AIDS malignancies 

Other treatments 
Start and stop dates of medication to prevent/treat opportunistic infection 

Start and stop dates of medication related to CVD 

Death  
Death date 

Cause of Death (CoDe) form 

*No longer collected 
†Collected from D43 (2015) for a sub-study, no longer collected 
‡Centrally tested individuals who were anti-HCV positive with data stored in the plasma sample repository  
‖The EuroSIDA study uses standardised clinical event definitions, which can be found in the Manual of 
Operations (MOOP) for Clinical Events document on the EuroSIDA Study Documents webpage 
(https://chip.dk/Research/Studies/EuroSIDA/Study-documents)  
§According to West Haven Criteria (391)  

 

2.2.4 Quality Assurance 

The coordinating centre has established an extensive quality assurance system that 

has been in place since the initiation of the EuroSIDA study. The coordinating centre 

regularly carries out data checks, verification of all new clinical events, and queries 

centrally. Previously, the coordinating centre would carry out on-site monitoring of 

the different centres, and all clinical events were checked against individual case 

notes by the coordinating centre. However, since 2017, data monitoring is only 

carried out centrally, and data checks are carried out on all patients. The monitoring 

https://chip.dk/Research/Studies/EuroSIDA/Study-documents
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process is also occasionally used to collect additional information that is missing from 

the original data submission. If, through the quality assurance and monitoring 

process, a centre is found to continuously provide poor quality data (missing 

important values or multiple errors) or does not deliver the annual dataset, EuroSIDA 

reserves the right to halt the collaboration. These details can be found in the ‘Criteria 

for participation in the EuroSIDA study’ document 

(https://chip.dk/Studies/EuroSIDA/Study-documents). 

 

Determining the cause of death among HIV positive individuals can be complicated if 

the quantity or quality of information is not sufficient, or if there are multiple 

potential causes. In 2004 a meeting was held in Copenhagen to discuss how best to 

determine the cause of death in HIV positive individuals. This meeting was attended 

by individuals from several large trial and cohort studies that collect cause of death 

data, including EuroSIDA. They created a unified methodology for classifying the 

cause of death among HIV positive individuals based on data such as demographics, 

treatment history, risk factors for death, and autopsy results which are collected on 

a 4 page Coding of Death in HIV (CoDe) form (https://chip.dk/Tools-Standards/CoDe) 

(392). Completed CoDe forms are reviewed centrally by clinicians at CHIP, however if 

the clinician is unsure of the cause of death, then the case is discussed internally at 

CHIP.  

 

Data is sent annually to the statistical centre at UCL, the most recent of which (at the 

time of writing) was Dataset 46 which was received in 2019. The dataset is named 

according to the number of datasets that have been produced, for example, the 

previous dataset received in 2018 was named Dataset 45. Further data checks are 

carried out before any statistical analysis is performed and any problems with the 

data are formally queried with the coordination centre. The data arrives in 

approximately 30 separate tables in the HICDEP format (390), which have to be 

cleaned and merged to create datasets that can be used for analysis.  

https://chip.dk/Studies/EuroSIDA/Study-documents
https://chip.dk/Tools-Standards/CoDe
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Table 2.4 highlights the datasets used in each chapter and the timeframe within 

which data was considered for analysis. Within each chapter different analyses were 

carried out which used different subpopulations. Therefore, detailed 

inclusion/exclusion criteria have been included in the methods section of each 

chapter. Also, a further table describing the number of individuals included in the 

different analyses has been included at the beginning of the results section of each 

chapter. 

 

Table 2.4: Summary of dataset used for each chapter 
Chapter Title Dataset Date 

Chapter 3 Regional differences across Europe in advanced fibrosis 
and cirrhosis among HIV/HCV co-infected individuals, 
between 2010-2018 

46 2010-2018 

Chapter 4 Establishing a cross-sectional and longitudinal hepatitis C 
continuum of care among HIV/HCV co-infected individuals 
in EuroSIDA 

46 <1/1/2017 

Chapter 5 Effectiveness and safety of IFN-free DAA HCV therapy in 
HIV/HCV co-infected individuals: Results from a pan-
European study 

45 1/6/2014 - 1/3/2018  

Chapter 6 HCV reinfection among HIV/HCV co-infected individuals in 
Europe 

46 1/1/2019 

 
 

2.2.5 Loss to follow-up 

LTFU is an important issue to consider in observational cohort studies as it can lead 

to selection bias. Previously, it was assumed that individuals who are less healthy or 

with more chaotic lifestyles may not be attending FU appointments as frequently as 

healthier patients. However, since the introduction of cART, it may be the case that 

individuals who are healthier may not attend FU appointments as frequently as sicker 

individuals. Regardless, LTFU can introduce systematic differences in FU time and 

data provided which can introduce bias. Definitions and estimates of LTFU in the 

EuroSIDA study have previously been published (393). LTFU was defined as no CD4 

count, HIV-RNA measurement or clinical visit for 12 months, using this definition they 

reported a LTFU rate of 3.72 per 100 PYFU (393). If an individual has no reported data 

for more than one year the clinic is queried by the coordinating centre. If there is still 
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no record of a clinic visit by 2 and 5 years, the clinic is queried again. Where possible, 

participants continue to be followed up if they transfer to another EuroSIDA clinic. 

 

2.2.6 Plasma sample repository 

The central plasma repository was set up in 1997 and receives plasma from most 

individuals enrolled in EuroSIDA every six months. There are currently over 160000 

samples stored there. Each sample contains 3-5 ml of EDTA blood and is separated 

by centrifugation (e.g. 1.500 g, 15 min.). The blood is stored in 2 x 1 aliquots in 1.8 ml 

screw-top cryovials (e.g. Nunc 377267 or similar). The plasma samples should be 

stored at -70° Celsius or liquid nitrogen within 4-6 hours of venesection. If the site is 

not able to store the samples at -70° Celsius or liquid nitrogen is not available, then 

they are advised to use a -20° Celsius freezer. If samples are stored at temperatures 

above -50° Celsius or more than 6 hours have passed before the plasma has been 

frozen, then this is clearly indicated on the sample. The samples are also labelled with 

the EuroSIDA patient number and the date of collection, therefore the coordinating 

centre can extract samples from freezers and carry out analysis when necessary. 

Details on the collection and storage of plasma samples can be found here: 

https://chip.dk/Studies/EuroSIDA/Sample-shipment. 

 

2.2.7 Hepatitis cohort 

EuroSIDA started collecting data on hepatitis co-infection in 1997 (Cohort 3) to assess 

the natural history of hepatitis, and also to monitor uptake and effectiveness of HCV 

therapy. In 1998 EuroSIDA started collecting data on hepatic encephalopathy, in 2001 

they started collecting data on hepatocellular carcinoma, and manifestations of 

decompensated liver disease have been collected since 2010. Since 1999, routine 

liver biochemistry has been collected. Liver biopsy and Fibroscan results have been 

collected since 2010, with sites required to provide data on previous tests and return 

the histological reports for internal review (394). In 2006, EuroSIDA centrally tested 

plasma samples stored in the sample repository of individuals with unknown 

https://chip.dk/Studies/EuroSIDA/Sample-shipment
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hepatitis B & C status. The samples were tested for anti-HCV antibodies, HCV-RNA, 

genotype and hepatitis B and D markers.  

 

As previously mentioned, EuroSIDA enrolled over 4000 individuals who were also 

anti-HCV positive between January 2014 and December 2016. While EuroSIDA has 

collected HCV treatment start and stop date since 1997, in Cohort X, HCV treatment 

dosage, adherence, treatment-limiting adverse events, and the reason for 

discontinuing treatment was also collected for HIV/HCV co-infected individuals. This 

information was previously collected on separate HCV treatment forms (Appendix III) 

but is now collected on the general FU forms.  

 

2.2.7.1 RESPOND Hepatitis Scientific Interest Groups 

In 2016 the RESPOND Hepatitis co-infection Scientific Interest Group (previously 

EuroSIDA Hepatitis group) was set up to ensure leading clinicians and researchers 

across Europe could collaborate in shaping the hepatitis co-infection research 

agenda. The main goals are to describe the long-term effects of hepatic B and C 

treatment and factors associated with morbidity and mortality in co-infected 

individuals. The group meet every two months to discuss current projects and new 

project ideas and is currently led by Lars Peters and Jürgen Rockstroh. 

 

2.2.8 Funding and ethics 

At the time of writing (November 2019), EuroSIDA has received funding from ViiV 

Healthcare LLC, Janssen Scientific Affairs, Janssen R&D, Bristol-Myers Squibb 

Company, Merck Sharp & Dohme Corp, Gilead Sciences and the European Union’s 

Seventh Framework Programme for research, technological development and 

demonstration under EuroCoord grant agreement n˚ 260694. The participation of 

centres from Switzerland has been supported by The Swiss National Science 

Foundation (Grant 148522). The study is also supported by a grant [grant number 
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DNRF126] from the Danish National Research Foundation and by the International 

Cohort Consortium of Infectious Disease (RESPOND) 

(https://chip.dk/Studies/EuroSIDA/About). For a centre to be able to contribute data 

to the EuroSIDA study, they must obtain ethical approval from the appropriate 

authority. The coordinating centre at CHIP has a copy of each ethical approval form.  

 

2.2.9 Summary of study participants 

A summary of the individuals under FU in EuroSIDA on 1/1/2017 can be seen in Table 

2.5. There were 12949 individuals under FU on 1/1/2017, 26.4% of whom were from 

Southern Europe, 24.5% from Central-Western Europe, 20.3% from Northern Europe, 

14.4% Central-Eastern Europe, and 14.4% from Eastern Europe. The median FU time 

was 10 years (interquartile range [IQR]: 4-18), the median age was 51 years old (IQR: 

43-57), and the median CD4 count was 618 cells/mm3 (IQR: 442-829). The majority 

of individuals were male (72.6%) and of white ethnicity (85.9%). The main route of 

HIV transmission was men who have sex with men (MSM) (36.3%), followed by 

heterosexual (29.5%), and people who inject drugs (PWID) (27.0%). Specific baseline 

characteristics of individuals included in each analysis will be presented in the results 

chapters. 

 

2.2.10 My role in EuroSIDA 

As a member of the EuroSIDA statistical team at UCL, I take part in the coordinated 

effort to clean the data when we annually receive a new dataset. The cleaning varies 

for each table but commonly consists of removing improbable values and dates, 

ensuring values are in the same units, and cleaning out duplicate values. Standard 

checks are carried out and any issues are reported to the coordination centre in 

Copenhagen who explore the problem further. 

 

https://chip.dk/Studies/EuroSIDA/About
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After the data is cleaned, I carry out data management before any statistical analysis 

is performed. This involves merging all cleaned tables into a master dataset, selecting 

the study population based on the inclusion criteria, and ensuring that data is in the 

right format for the analysis (wide – one row per individual or long – multiple rows 

per individual). One of my main cleaning and data management responsibilities is to 

create a clean dataset with all the important HCV data, which is shared with 

colleagues who may also need HCV data for their work. 

 

I am also a member of the RESPOND Hepatitis Scientific Interest Group and attend 

bi-monthly meetings with the group. At these meetings, new and current projects are 

discussed, and I provide an update of any ongoing HCV projects I am working on. I 

also attend the EuroSIDA steering committee meetings where I provide a status 

update on my work when necessary, and have also presented my project proposals 

for review by the wider steering committee for approval. I also occasionally attend 

face to face meetings at CHIP where I attend discussions about hepatitis projects. 
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Table 2.5: Characteristics of individuals under follow-up on 1/1/2017  

Overall 
Region 

South Central - West North Central - East East 

Overall 
 

12949 (100.0) 3416 (26.4) 3169 (24.5) 2634 (20.3) 1861 (14.4) 1869 (14.4) 

Sex Male 9401 (72.6) 2466 (72.2) 2423 (76.5) 2085 (79.2) 1373 (73.8) 1054 (56.4) 

Female 3548 (27.4) 950 (27.8) 746 (23.5) 549 (20.8) 488 (26.2) 815 (43.6) 

Ethnicity White 11118 (85.9) 3101 (90.8) 2406 (75.9) 1909 (72.5) 1846 (99.2) 1856 (99.3) 

Global majority 782 (6.0) 169 (4.9) 327 (10.3) 281 (10.7) 5 (0.3)  

Unknown 1049 (8.1) 146 (4.3) 436 (13.8) 444 (16.9) 10 (0.5) 13 (0.7) 

HIV risk group MSM* 4696 (36.3) 1070 (31.3) 1396 (44.1) 1433 (54.4) 718 (38.6) 79 (4.2) 

PWID† 3502 (27.0) 1113 (32.6) 552 (17.4) 382 (14.5) 536 (28.8) 919 (49.2) 

Heterosexual 3820 (29.5) 1016 (29.7) 850 (26.8) 676 (25.7) 460 (24.7) 818 (43.8) 

Other 931 (7.2) 217 (6.4) 371 (11.7) 143 (5.4) 147 (7.9) 53 (2.8) 

HIV-RNA (cp/ml) ≤500 11219 (86.6) 2886 (84.5) 3047 (96.2) 2463 (93.5) 1697 (91.2) 1126 (60.2) 

>500 689 (5.3) 81 (2.4) 51 (1.6) 42 (1.6) 86 (4.6) 429 (23.0) 

Unknown 1041 (8.0) 449 (13.1) 71 (2.2) 129 (4.9) 78 (4.2) 314 (16.8) 

Ever received cART No 400 (3.1) 89 (2.6) 49 (1.5) 36 (1.4) 32 (1.7) 194 (10.4) 

Yes 12549 (96.9) 3327 (97.4) 3120 (98.5) 2598 (98.6) 1829 (98.3) 1675 (89.6) 

AIDS event No 9425 (72.8) 2506 (73.4) 2194 (69.2) 1925 (73.1) 1411 (75.8) 1389 (74.3) 

Yes 3524 (27.2) 910 (26.6) 975 (30.8) 709 (26.9) 450 (24.2) 480 (25.7) 

Non-ADI‡ No 11152 (86.1) 2898 (84.8) 2545 (80.3) 2236 (84.9) 1700 (91.3) 1773 (94.9) 

Yes 1797 (13.9) 518 (15.2) 624 (19.7) 398 (15.1) 161 (8.7) 96 (5.1) 

Anti-HCV positive§ No 6671 (51.5) 1692 (49.5) 1743 (55.0) 1723 (65.4) 1004 (53.9) 509 (27.2) 

Yes 6174 (47.7) 1685 (49.3) 1407 (44.4) 891 (33.8) 843 (45.3) 1348 (72.1) 

Unknown 104 (0.8) 39 (1.1) 19 (0.6) 20 (0.8) 14 (0.8) 12 (0.6) 

Fibrosis stage‖ F0/1 4422 (71.6) 1249 (74.1) 1215 (86.4) 440 (49.4) 604 (71.6) 914 (67.8) 

F2 154 (2.5) 54 (3.2) 39 (2.8) 16 (1.8) 15 (1.8) 30 (2.2) 

F3 216 (3.5) 68 (4.0) 38 (2.7) 29 (3.3) 22 (2.6) 59 (4.4) 
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F4 333 (5.4) 93 (5.5) 59 (4.2) 42 (4.7) 47 (5.6) 92 (6.8) 

Unknown 1049 (17.0) 221 (13.1) 56 (4.0) 364 (40.9) 155 (18.4) 253 (18.8) 

HCV genotype‖ G1 2168 (35.1) 692 (41.1) 499 (35.5) 399 (44.8) 223 (26.5) 355 (26.3) 

G2 129 (2.1) 23 (1.4) 35 (2.5) 38 (4.3) 5 (0.6) 28 (2.1) 

G3 1064 (17.2) 304 (18.0) 186 (13.2) 144 (16.2) 167 (19.8) 263 (19.5) 

G4 621 (10.1) 240 (14.2) 181 (12.9) 68 (7.6) 132 (15.7)  

Unknown 2192 (35.5) 426 (25.3) 506 (36.0) 242 (27.2) 316 (37.5) 702 (52.1) 

Ever received HCV treatment‖ No 3149 (51.0) 652 (38.7) 512 (36.4) 428 (48.0) 557 (66.1) 1000 (74.2) 

Yes 3025 (49.0) 1033 (61.3) 895 (63.6) 463 (52.0) 286 (33.9) 348 (25.8) 

HBV infection¶ No 11332 (87.5) 3062 (89.6) 2739 (86.4) 2282 (86.6) 1623 (87.2) 1626 (87.0) 

Yes 881 (6.8) 197 (5.8) 289 (9.1) 178 (6.8) 111 (6.0) 106 (5.7) 

Unknown 736 (5.7) 157 (4.6) 141 (4.4) 174 (6.6) 127 (6.8) 137 (7.3)  
Median (IQR) 

Age 51 (43-57) 52 (46-57) 54 (48-59) 54 (48-60) 45 (39-52) 39 (35-44) 

CD4 count (cells/mm3)  618 (442-829) 657 (471-890) 644 (468-836) 625 (465-818) 622 (454-850) 488 (331-684) 

CD4 nadir 167 (70-266) 182 (81-285) 150 (48-252) 160 (70-250) 170 (66-277) 178 (96-269) 

PYFU 10 (4-18) 9 (2-18) 13 (5-20) 13 (5-20) 9 (5-13) 5 (2-9) 

*MSM: men who have sex with men, †PWID: people who inject drugs  
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, hepatocellular carcinoma, end-stage renal disease, pancreatitis 
‖Anti-HCV positive: anti-HCV antibody positive test, HCV-RNA positive, HCV genotyped or received HCV treatment prior to 1/1/2017 
§Calculated as a proportion of anti-HCV positive individuals 
¶HBV infection: positive HBsAg surface antigen test or presence of detectable HBV DNA prior to 1/1/2017 
n with CD4 count = 11617, n with CD4 nadir = 12870 
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2.3 Statistical methods  

Different statistical methods have been used throughout this thesis. A brief 

description of the methods used have been provided below, however more detailed 

methods sections are included in each results chapter.  

 

2.3.1 Univariable Statistics 

Before carrying out statistical modelling, it is important to examine the data. 

Summary statistics are used to describe large amounts of data in a comprehensible 

way and can help identify any data errors. The total number of individuals (n) and the 

percentage (%) was used to describe categorical data. For continuous variables, the 

mean and standard deviation (SD) or the median and interquartile range (IQR) was 

presented depending on whether the data were normally distributed or skewed. The 

median is more robust than the mean with respect to outliers, therefore the values 

can be considerably different when the data is skewed. However, when the data is 

normally distributed the mean and median values are similar. 

 

When examining the difference between different categorical variables the chi-

squared test was used, however, if there are less than 5 individuals in any category, 

Fisher’s exact was used instead. When comparing the means of two groups the 

unpaired (independent) or paired t-test was used depending on whether the two 

groups were independent or related, respectively. If the data are not normally 

distributed, then the nonparametric tests, Wilcoxon-Mann-Whitney or Wilcoxon-

Signed rank-sum tests were used instead. Analysis of variance (ANOVA) was used to 

test for differences in more than two means (inference made about the mean based 

on the difference in variance). If the continuous variable did not fulfil the assumption 

of normality required to use ANOVA then the Kruskal-Wallis test was used instead, 

which is the generalised form of the Wilcoxon-Mann-Whitney test. 
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2.3.2 Multivariable statistics 

Statistical methods to analyse the relationship between an outcome (dependent) 

variable of interest and different independent variables (explanatory variables, 

predictors, exposure) were used. Depending on the research question, outcome 

variable, and nature of the explanatory variables, different analysis techniques were 

used. This is specified in the following results chapters, however in this section details 

on multivariable techniques are described in more detail. The multivariable analysis 

techniques that have been used in the different chapters are outlined below in Table 

2.6. 

 

Table 2.6: Multivariable model used in each results chapter 
Chapter Study endpoint(s) Main Statistical Methods 

Chapter 3 (1) Proportion with fibrosis ≥F3 Logistic regression with generalised 
estimating equations (GEEs) 

Chapter 4 (1) Proportion HCV-RNA tested 
(2) Proportion HCV-RNA negative – treated  

Logistic regression 
Logistic regression with GEE 

Chapter 5 (1) Proportion with known response to DAA 
(2) Proportion achieved SVR 
(3) Change in laboratory values over time 

Logistic regression 
Logistic regression 
Random effects models 

Chapter 6 (1) Proportion reinfected Logistic regression  

SAS 9.4 or higher will be used for all analyses (SAS Institute, Cary, North Carolina, USA) 

 

2.3.2.1 Confounding 

Confounders are variables that are associated with both the outcome and exposure 

variable (Figure 2.2). Confounders cannot lie on the causal pathway between the 

exposure and the outcome, otherwise the variable would be a mediator, not a 

confounder.  
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Figure 2.2: Illustration of a confounder impacting the association between exposure and 
outcome 

 
 

Confounders impact the association between the exposure and outcome variable, as 

the presence of a confounder can increase or decrease the association between the 

exposure and outcome variable, or even reverse the observed effect. For example, if 

we found an association between gender (exposure) and Alzheimer’s disease 

(outcome), but men were older than women in the study population. If we did not 

adjust for age (confounder) then we may conclude that men are more likely to 

develop Alzheimer’s disease than women. Therefore, to assess the association 

between an outcome variable and exposure variables, the potential confounders 

must be accounted for.  

 

Confounding can be avoided at the design stage of the study. Randomising a 

sufficiently large number of study participants can lead to natural balance in the 

groups. However, EuroSIDA is an observational study, which means it is not possible 

for individuals to be randomly assigned to an exposure group.  

 

When confounding cannot be controlled for in the design stage, then statistical 

methods can be used. However, it is only possible to control for confounders in the 

analysis stage if the confounders are known and data on confounders have been 
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collected. Stratification is a technique that allows for the strength of an association 

to be measured separately for each well-defined group (stratum). Multivariable 

modelling also allows us to control for confounding and is especially useful when 

there is more than one potential confounder. 

 

If a statistical model only includes one exposure variable, it is considered to be an 

unadjusted estimate as it does not control for the potential confounders. However, 

when potential confounders are included in a multivariable model, adjusted 

estimates are produced which control for potential confounding. As mentioned 

above, only measured confounders can be controlled for, and unfortunately it is not 

possible to rule out unmeasured confounding regardless of how well the cohort study 

is designed, which can lead to residual confounding. The extent to which the 

confounder can be adjusted for depends on how complete the data is and accurately 

it has been measured. If the confounder has been misclassified, it will underestimate 

the effect of the confounder and also lead to residual confounding. 

 

2.3.2.1.1 Effect modification 

Effect modification, interactions, or heterogeneity between strata, occur when the 

effect of the exposure on the outcome is modified by the presence of another 

exposure (the effect modifier). This happens when the relationship between an 

exposure and outcome is different across the strata of the effect modifier. For 

example, if a drug reduced the risk of Alzheimer’s disease among women, but 

increased the risk of Alzheimer’s disease among men. In this example, there would 

be an effect modification by gender or an interaction between the drug and gender. 

There does not need to be any association between the exposure and effect modifier 

for the interaction to occur. There are different ways to explore effect modifications, 

such as using regression analysis or the chi-squared test for heterogeneity. When 

using multivariable analysis, there are many different potential interactions, 

therefore it is important to determine any potential interactions that should be 
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included a priori based on clinical knowledge or scientific interest. It is not sensible 

to test for all interactions as multiple testing will increase the risk of a false positive 

result. 

 

2.3.2.2 Logistic regression 

Logistic regression models were used to find factors associated with a binary 

outcome variable, such as a success or failure, as opposed to a continuous outcome. 

For example, if we wanted to assess whether individuals have or don’t have advanced 

fibrosis. A probability (π) represents the proportion of successes and can be any 

number between 0 and 1. When fitting a logistic regression model, the log odds are 

modelled instead of the odds. This is because the log odds can take any value 

between -∞ and ∞, whereas odds are restricted between 0 and 1. It is easier to 

model an unconstrained quantity as this avoids the chance of predicting impossible 

values (such as negative odds). The transformation used to carry out logistic 

regression is called the logit function (Equation 2.1), which is the most commonly 

used link function for binary data, and where the name logistic is derived. 

 

Equation 2.1: Logit link function 

𝑙𝑜𝑔𝑖𝑡(𝜋) = ln (
𝜋

1 − 𝜋
) 

 

Equation 2.2: Logistic regression model 

𝑙𝑜𝑔𝑖𝑡(𝜋) = ln (
𝜋

1 − 𝜋
) = 𝛽0 + 𝛽1𝑥1 + ⋯ + 𝛽𝑛𝑥𝑛 

 

An odds greater than 1 indicates an increased odds, whereas an odds lower than 1 

indicates a reduced odds of the outcome occurring. If the confidence interval does 

not include 1, the finding is statistically significant. In the logistic regression model 

(Equation 2.2), 𝛽n represents the independent effect of variable 𝑥𝑛 on the log odds 
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ratio, while the exponential of 𝛽n represents the effect of 𝑥𝑛 on the odds ratio. The 

logistics regression model for a binary outcome is assumed to have a binomial 

distribution. Also, all observations are assumed to be independent, and individuals 

should have equal FU time. 

 

2.3.2.2.1 Generalised estimating equations (GEEs) 

As mentioned above, logistic regression assumes that observations are independent. 

Therefore, when there are clusters within the data (individuals from a certain 

subgroup are more similar than those not in the same subgroup), this assumption is 

no longer valid. Repeated measures from individuals also invalidate this assumption 

as data from the same individual is more similar than data from a different individual. 

In 1986 Liang and Zeger proposed an approach to analysis non-normal longitudinal 

data called generalised estimating equations (GEEs), (395). GEEs extend the 

regression model to account for correlation within the data, adjusting the parameters 

and standard errors accordingly. This method only requires making a ‘working 

assumption’ about the joint distribution of the outcomes. This means that the 

assumptions are not likely to be met, however, this will not invalidate the results 

drawn so long as the sample is sufficiently large. This is useful when the error 

structure of the model is not of inherent concern. Logistic regression with generalised 

GEEs was used to allow the inclusion of several measurements over time for each 

individual in Chapter 3 and Chapter 4.  

 

2.3.2.3 Mixed effects models  

Mixed effects models are also used to analyse longitudinal data and can account for 

repeated measures within individuals. Mixed effects models are different to using 

GEEs, as the parameter estimates drawn from mixed effects models are subject-

specific, however those estimated in GEEs are population-averages. However, for 

normally distributed data, the estimates from random effects models and GEEs are 

identical (396). Mixed effects models include both random and fixed effects, where 
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fixed effects are consistent within each individual, such as sex, ethnicity, or treatment 

type. Including a random effect allows the explanatory variables to vary between 

individuals, but in a random intercept model, the individual regression lines have will 

still have the same slope as the overall regression line. However, in a random 

intercept and random slope model, the random intercept allows the overall level of 

the prevalence to vary between individuals after controlling for covariates, while the 

random slope allows the effect of the covariates to vary between individuals (397).  

 

Below is the simple specification of the random intercept and random slope model 

(Equation 2.3), where 𝑖 indicates the observation within individual 𝑗 and 𝑋𝑖𝑗 is a 

vector of covariates. The variables in the first bracket are the fixed effects while the 

variables in the second bracket are the random effects. The random intercept for 

individual 𝑗 is specified by 𝑢0𝑗 while the individual specific random slope is specified 

by 𝑢1𝑗.  

 

Equation 2.3: 

𝑌𝑖𝑗 = (𝛽0 + 𝛽1𝑋𝑖𝑗) + (𝑢0𝑗 + 𝑢1𝑗𝑋𝑖𝑗) + 𝑒𝑖𝑗 

 

When we are describing data over time, it is likely that data collected closer together 

will be more closely correlated than data that is collected later on. Therefore, within-

subject variance is likely to differ, which can be accounted for by specifying the 

covariance structure (Table 2.7). 

 
Table 2.7: Description of within-subject covariance matrix (397) 

Covariance structure Definition 

Independent  Repeated measures are uncorrelated 

Unstructured Correlations are unknown and unspecified 

Compound symmetry 
(exchangeable) structure 

Correlation between any 2 observations within a subject is the same 

Autoregressive structure Correlation is stronger between measurements that are closer together 
compared to measurements that are further apart. Assumes the 
distance between each observation is consistent 
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In clinical trials, data are generally collected on individuals at fixed time-points, which 

means the data is balanced and each individual has the same number of observations. 

However, in cohort studies the data is more likely to be unbalanced, as data is 

collected at varying time-points. When the data is unbalanced the overall averages 

at each time-point would not represent the true average as individuals are 

contributing data to different time-points. Therefore, for the results to be unbiased, 

we have to assume the data is missing at random (MAR – see Section 2.3.3 Missing 

data). 

 

2.3.2.4 Modelling approach 

Variables considered for each analysis are described in the analysis chapters (3-6). As 

mentioned above different modelling techniques were used depending on the 

research question. When carrying out longitudinal analysis, baseline or time-updated 

variables were included where suitable. Variables such as CD4 count and HIV-RNA 

that were collected frequently and likely to change depending on disease progression 

were time-updated. However, variables such as HIV risk group, gender, and ethnicity 

are fixed over time and not time-updated. Univariable analysis was carried out first, 

and any variables statistically significant at the 10% level (p<0.1) were included in the 

multivariable model along with any additional variables that were decided to be of 

importance a priori. 

 

2.3.3 Missing data 

Missing data can introduce bias into analysis if not appropriately considered. When 

the number of missing values among the explanatory variable is low, complete case 

analysis (where individuals with missing data are excluded) can be used without much 

impact on the size of the study population. This method is unbiased when the data 

are missing completely at random (MCAR), which is when there is no systematic 

reason for data to be missing. However data are rarely MCAR, also if there are large 

amounts of missing data it can be wasteful of important information (398). 
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To deal with missing values when carrying out statistical modelling, missing values 

categories, also known as indicator variables, were used. For example, CD4 count was 

categorised as ≤500 cells/mm3, >500 cells/mm3, and unknown (indicator variable). 

This method reduced the risk of selection bias and helps to maintain statistical power 

as this allows us to include as much data in the model as possible. However, in some 

circumstances this method can also lead to bias (399). While there are other more 

advanced methods for dealing with missing data, such as imputation, these methods 

also have limitations and require data to be MAR (where the reason for missing data 

is can be explained by collected data) which may not always be the case (400). There 

are potential limitations with all methods of dealing with missing data, therefore it is 

important to ensure the chosen method is clearly stated as well as the limitations 

(401).  
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Chapter 3 Regional differences across Europe in advanced fibrosis and 

cirrhosis among HIV/HCV co-infected individuals, between 2010-2018  

3.1 Introduction 

3.1.1 Liver fibrosis among HIV/HCV co-infected individuals 

Co-infection with HIV has been shown to adversely affect the natural history of the 

HCV infection in many ways (described in Chapter 1, Section 1.2.5). With regards to 

the liver, HIV co-infected individuals with advanced immunodeficiency (CD4 count 

<200 cells/mm3) or individuals with AIDS are more likely to develop cirrhosis or liver 

decompensation than those HCV mono-infected (382), and have been shown to have 

an increased acceleration to cirrhosis or liver disease (248,402). However, the 

increased acceleration can be slowed with HIV treatment to control HIV viraemia, as 

those with undetectable HIV-RNA have slower progression to cirrhosis (402). Other 

factors such as age at diagnosis and duration of infection have been found to increase 

the progression of fibrosis among HIV/HCV co-infected individuals (248). 

 

The Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) Study described 

liver-related deaths as the second most common non-AIDS related cause of death 

after non-AIDS defining cancers between 1999-2011 among HIV positive individuals 

(383). They found the occurrence of liver-related deaths had decreased over time, 

and that over 95% of liver-related deaths occurred in individuals co-infected with 

hepatitis B or C. Therefore, it is important to target interventions to reduce liver-

related mortality at those co-infected with hepatitis. While living with untreated HCV 

can lead to liver cirrhosis or HCC in some individuals, achieving sustained virological 

response (SVR) has been found to significantly reduce the risk of HCV related 

mortality (403,404). The newer, highly effective and tolerable directly acting 

antivirals (DAAs) can cure the majority of patients with HIV/HCV co-infection 

(405,406). The World Health Organisation (WHO) developed targets to achieve the 

elimination of viral hepatitis by 2030, which includes providing HCV treatment to 80% 
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of eligible individuals, which will reduce the burden of liver-related mortality. 

However, due to the high cost of DAAs, some countries in Europe initially targeted 

DAAs at those most in need of treatment (fibrosis ≥F2/F3) as they are at a higher risk 

of developing decompensated cirrhosis and HCC (366). Also, the length of HCV 

treatment regimens and the addition of ribavirin can vary depending on the presence 

of cirrhosis (367). Therefore, it is important to have reliable epidemiological data on 

the burden of fibrosis for the planning of HCV treatment management programmes 

(367).  

 

3.1.2 Burden of advanced liver fibrosis or cirrhosis among individuals with chronic 

HCV 

The World Health Organisation estimated that 10%-30% of individuals with chronic 

HCV infection have a fibrosis stage of F3 or F4 (236). However, the burden of 

advanced fibrosis or cirrhosis can vary significantly depending on the geographical 

region or risk group. Table 3.1 shows a summary of studies describing the burden of 

advanced fibrosis or cirrhosis. A study carried out in the USA between 2010 and 2013 

analysed data from a large commercial laboratory and included 186794 individuals 

who were ever HCV-RNA positive (mono-infected) (407). They found that overall, 

20% of individuals had advanced fibrosis. Of those born between 1945-1965 

(n=123716) the proportion of advanced fibrosis was slightly higher, at 24% (407).  

 

De Ledinghen et al. explored the prevalence of fibrosis among patients at a hospital 

in France and Spain and included 656 HCV mono-infected individuals and 287 HIV co-

infected individuals between 2004 and 2006 (408). They found the proportion of 

advanced fibrosis was significantly higher among those co-infected with HIV (39%) 

compared to individuals mono-infected with HCV (18%) (408). In multivariable 

analysis age >45 years old, BMI >25 kg/m2 and HIV infection were found to be 

associated with advanced liver fibrosis (408). A more recent study that was published 
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in 2017 found the proportion of advanced fibrosis to be 19% among 334 HIV co-

infected individuals in Italy (409). 

 

Some studies have been carried out among certain sub-populations of individuals 

with chronic HCV. For example, Bailey et al. explored the burden of advanced fibrosis 

or cirrhosis among HIV/HCV co-infected women in Ukraine using the APRI score or 

FIB-4 score (410). They found that 12% of the 171 co-infected women included had 

fibrosis ≥F3. They also explored factors associated with an increased risk of advanced 

fibrosis and found that IDU history and advanced HIV disease to be significant 

predictors (410). Also, a study carried in African Americans with HCV mono-infection 

or HIV/HCV co-infection described the prevalence of advanced fibrosis to be 28% 

(411). A multicentre study carried out in Europe included 914 HIV/HCV co-infected 

individuals and estimated the proportion of advanced fibrosis to be 35% (412). 

However, they only assessed liver fibrosis in those with elevated alanine 

aminotransferase (ALT) levels, which indicates abnormal liver function therefore this 

study could be overestimating the burden of fibrosis (412).  

 

Béguelin et al, carried out an analysis on HCV treatment and liver fibrosis in the Swiss 

HIV Cohort Study and described the proportion of advanced fibrosis at March 2014 

to be 33% among 623 HCV-RNA positive individuals (413). By December 2015 this had 

reduced to 15% among 438 individuals with chronic HCV, indicating a decrease in 

advanced fibrosis over time, which they attribute to improvements in HCV treatment 

(413).
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Table 3.1: Summary of studies describing the burden of advanced fibrosis or cirrhosis among HCV mono-infected or HIV/HCV co-infected individuals  
Reference Country/Subpopulation* HIV co-infected Year Liver fibrosis markers Number of 

individuals† 
Fibrosis ≥F3 n (%) 

Bailey H et al. (410)  Ukraine/Childbearing women Yes 2007-2012 APRI 171 21 (12) 

Béguelin C et al. (413) Switzerland Yes Sep 2011 - Mar 2014 Liver biopsy/Fibroscan 623 204 (33) 

Apr 2014 - Dec 2015 Liver biopsy/Fibroscan 438 67 (15) 

de Ledinghen V et al. (408) Spain/France  
 

No Jan 2004 - April 2006 Fibroscan 656 115 (18) 

Yes Jan 2004 - April 2006 Fibroscan 287 112 (39) 

Klevens R et al. (407) USA No Jan 2010 - Dec 2013 APRI/FIB-4 186794 36850 (20) 

Martin-Carbonero L et al. (412) Multicentre (Europe) Yes  1992 - 2002 Liver biopsy 914 320 (35) 

Puoti M et al. (409) Italy Yes - FIB-4 185 35 (19) 

Silver D et al. (411) USA/African American individuals  No Aug 2010 - Mar 2011 Liver biopsy  334 95 (28) 

* If not specified, then the study did not include a specific subpopulation of HCV mono-infected or HIV/HCV co-infected individuals 
† Only included those ever HCV-RNA positive  
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3.1.3 Late presentation 

According to the 2017 Global Hepatitis Report, 80% of individuals living with HCV are 

undiagnosed (227). As individuals with HCV can remain asymptomatic for decades, 

there are many individuals who already have advanced liver disease when they are 

diagnosed (225). In fact, in the absence of widespread testing, many individuals are 

diagnosed based on the development of late stage liver disease (225). Early 

treatment can improve outcomes for individuals with chronic HCV, and also reduce 

the risk of onwards transmission. Late diagnosis and treatment of HCV is detrimental 

to individual and population health, and hinders the global effort to reach the goal of 

HCV elimination by 2030 (227).  

 

A consensus definition for late presentation of HIV was published in 2007, where a 

late presenter was someone who presented for care with a CD4 count <350 cells/µL 

or with an AIDS-defining event (414). Identifying late presenters and targeting 

interventions to reduce late diagnosis of HIV is essential to ensure successful 

outcomes, reduce the risk of onward transmission, and reduce the economic burden 

(415,416). In 2017, a European working group developed a consensus definition for 

late presentation of chronic viral hepatitis B and C (225). They state that patients who 

have advanced liver fibrosis at diagnosis can be considered ‘late presenters’, where 

earlier diagnosis and initiation of treatment could have resulted in significant benefit 

to the individual (225). Their definition is useful to measure the proportion of chronic 

HCV cases that are not identified in a timely manner and the impact this may have 

(225). A single-centre study carried out in Denmark on late presentation used this 

consensus definition (among mainly HCV mono-infected individuals) and found 

32.1% of 427 individuals were late presenters (417). 
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3.1.4 Aims 

There were 3 main aims for this chapter: 

1) To describe the change in the burden of advanced fibrosis or cirrhosis and 

liver-related events in Europe over time  

2) To describe the regional differences in the prevalence of fibrosis ≥F3 and liver-

related events over time 

3) To investigate factors associated with developing fibrosis ≥F3, and how this 

changes over time across different regions  

 

3.1.5 What this analysis adds 

As mentioned, HCV is one of the leading causes of liver-related morbidity and 

mortality, therefore staging of fibrosis is crucial for management and prognosis of 

individuals with HCV (316). However, the burden of fibrosis in Europe is not well 

described; while there are a few studies describing the burden of advanced fibrosis 

in Europe (Table 3.1), the small sample sizes and restrictions on the study populations 

(e.g. studies only in women, among individuals of Black ethnicity, or individuals with 

elevated ALT) affects the generalisability of these studies. As HIV has been found to 

increase the speed of liver fibrosis progression (408), it is important to explore the 

burden of fibrosis specifically among the HIV co-infected population. The extent to 

which the burden of advanced fibrosis has changed over time in different European 

regions is also not well described. Therefore, understanding how the burden of 

advanced fibrosis has changed over time is crucial to help inform healthcare 

providers in making treatment decisions. While it has been shown that treating HCV 

early is cost-effective (418), there are still some countries in (mainly Eastern) Europe 

that have restrictions set by payers, which is a major barrier to improving treatment 

uptake (419). Therefore, identifying individuals with advanced fibrosis and cirrhosis 

that should be prioritised for HCV treatment is important to help inform decision-

makers and healthcare professionals where to target screening and treatment.  



114 
 

3.2 Methods 

This analysis was carried out using data from the EuroSIDA study’s (defined in Chapter 

2) D46 dataset, which included 22825 HIV positive individuals. 

 

3.2.1 Inclusion criteria 

This analysis explored the burden of advanced fibrosis each year between 2010 and 

2018. For each of the 9 years, I explored how many individuals had prospective 

follow-up (FU) at 31st December. Individuals were considered to be under FU until 

death, or up to one year from their latest clinic visit, CD4 count, HIV-RNA, anti-HCV, 

HCV-RNA, HCV genotype measurement HCV treatment. I then determined how many 

were ever anti-HCV positive, and how many were currently HCV-RNA positive at 31st 

December (both defined in the footnote of Figure 3.1). Currently, HCV-RNA positive 

individuals who had a liver fibrosis marker measurement during that year were 

included in the advanced fibrosis analysis, and used as the denominator to determine 

the proportion of individuals with fibrosis ≥F3 (defined in Section 3.2.2) for that year. 

The proportion of individuals with a liver-related event (defined in Section 3.2.3) was 

also explored as a proportion of those currently HCV-RNA positive at 31st Dec. 

 

For example, in 2010 there were 10628 individuals who were under FU between 1st 

January and 31st December (Figure 3.1). Of those under FU, 3058 individuals were 

ever anti-HCV positive before 31/12/2010, and 1594 were currently HCV-RNA 

positive at 31/12/2010. There were 1120 individuals who had a liver fibrosis marker 

between 1/1/2010 and 31/12/2010, and were included in the 2010 advanced fibrosis 

analysis. The denominator for the fibrosis analysis was the 1120 individuals with a 

fibrosis marker. Individuals who were currently HCV-RNA positive at 31/12/2010 

(n=1594) were used as the denominator to determine the proportion of individuals 

who had a liver-related event within the calendar year. Figure 3.1 also describes the 

number of individuals included in the 2018 analysis
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Figure 3.1: Flowchart for inclusion in analysis in 2010 and 2018 

 
* Anti-HCV positive test, HCV-RNA positive, HCV genotyped or received HCV treatment before 31st Dec 
† Most recent HCV-RNA test before 31st Dec was positive, HCV genotyped but not treated before 31st Dec, started treatment for the first time after 31st Dec or the first HCV-RNA test result 
after 31st Dec is positive and never treated 
‡ Defined below in Section 3.2.2 
§ Defined below in Section 3.2.3  

Individuals under FU after 
1/1/2010

n=10628

Ever anti-HCV positive* before 
31/12/2010

n=3058

HCV-RNA tested before 
31/12/2010

n=2289

Currently HCV-RNA positive† at 
31/12/2010

n=1594

Liver fibrosis analysis

Liver fibrosis marker‡ between 
1/1/2010 and 31/12/2010

n=1120

Liver-related event analysis

Liver-related event§ between 
1/1/2010 and 31/12/2010

n=13

Individuals under FU after 
1/1/2018

n=11858

Ever anti-HCV positive* before 
31/12/2018

n=5568

HCV-RNA tested before 
31/12/2018

n=4996

Currently HCV-RNA positive† at 
31/12/2018

n=1272

Liver fibrosis analysis

Liver fibrosis marker‡ between 
1/1/2018 and 31/12/2018

n=894

Liver-related event analysis

Liver-related event§ between 
1/1/2018 and 31/12/2018

n=1
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3.2.2  Definition of fibrosis ≥F3 

Liver fibrosis stage was determined using the most recent of the most reliable liver 

fibrosis marker available between 1st Jan and 31st December for each year. The most 

reliable liver fibrosis marker was considered to be a liver biopsy, followed by 

Fibroscan, APRI score, and then plasma hyaluronic acid level, as defined in previous 

EuroSIDA publications (368). Therefore, if an individual had 3 liver fibrosis marker 

results in 2010: an APRI score on 1/1/2010, a liver biopsy on 1/1/2010, and a liver 

biopsy on 1/6/2010, then the liver biopsy on 1/6/2010 would be used, as a liver 

biopsy is considered more reliable than and APRI score and the most recent of the 

liver biopsies is on the 1/6/2010. The cut-offs used in this analysis to define fibrosis 

METAVIR ≥F3 are based on the consensus definition by Mauss et al., and can be seen 

below in Table 3.2 (225). 

 

Table 3.2: Fibrosis ≥F3 cut-offs  
Liver fibrosis biomarker   Result 

Liver biopsy ≥F3 (296) 

FibroScan ≥9kPa (225) 

APRI score >1.5 (225) 

Hyaluronic acid >160ng/mL (420) 

 

3.2.3 Definition of liver events 

The liver events considered in this analysis were: ascites, hepatic encephalopathy, 

hepatorenal syndrome, oesophageal variceal bleeding, liver decompensation, and 

HCC. Only liver events among individuals who were currently HCV-RNA positive on 

31st December for each calendar year were included. 
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3.2.4 Variables included in this analysis 

The definitions of the different variables included in this analysis have been described 

below in Table 3.3 

Table 3.3: Definition of variables included in analysis 
Variable Levels Definitions and comments Time 

updated* 

Age (years) Continuous (per 1 year 
older) and categorised as 
≤40, 40-50, 50-60 and >60 
years old 

 
Yes (once 
yearly) 

Sex Male, female 
  

Region South (including Argentina 
and Israel), Central - West, 
North, Central - East, 
Eastern Europe 

Defined in Chapter 2 Section 2.2 
 

Ethnicity White, Global Majority, 
unknown 

  

HIV risk group MSM, PWID, 
heterosexual, and other 

‘Other’ includes those with 
unknown risk group 

 

CD4 count (cells/mm3) Continuous and 
categorised as ≤500, >500 
(cells/mm3), and unknown 

Most recent measurement prior to 
31st Dec (within one year), if not 
available then measurement up to 
6 months after 31st Dec included  

Yes (once 
yearly) 

CD4 nadir (cells/mm3) Continuous and 
categorised as ≤50, 50-
200, and >200 
(cells/mm3), and unknown 

Lowest CD4 count prior to 31st Dec, 
if not available then measurement 
up to 6 months of after 31st Dec 
included  

Yes (once 
yearly) 

HIV-RNA (cp/ml) ≤500, >500, unknown Most recent measurement prior to 
31st Dec (within one year), if not 
available then measurement up to 
6 months of after 31st Dec 
included.  

Yes (once 
yearly) 

AIDS-defining event Yes, no Defined using CDC's 1993 clinical 
definition (421) 

Yes (once 
yearly) 

Non-ADI No, liver-related, other  Non-AIDS defining malignancy, 
cardiovascular disease, end-stage 
liver disease, end-stage renal 
disease, and pancreatitis, as in 
previous publications (422) 

Yes (once 
yearly) 

Year of FU ≤2014, 2015-2016, 2017-
2018 

  

HCV genotype G1, G2, G3, G4, unknown 
  

On cART Yes, no Individual on cART (≥3 drugs) 
treatment on 31st Dec 

Yes (once 
yearly) 

Prior HCV treatment Yes, no, and IFN only, 
DAA+IFN DAA only, no 

Based on most recent treatment 
regimen prior to 31st Dec 

Yes (once 
yearly) 

HBV infection Yes, no, unknown HBV DNA, hepatitis B surface 
antigen (HBsAg) 

Yes (once 
yearly) 

HCV-RNA (IU/ml) <500000, ≥500000, 
positive (unknown value), 

  

*Time updated variables included in logistic regression analysis with generalised estimating equations (GEEs) 
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3.2.5 Statistical analysis 

3.2.5.1 Baseline characteristics  

We described the characteristics of all individuals who were currently HCV-RNA 

positive at 31st December and included in the 2010 analysis and the 2018 analysis. 

Characteristics were defined based on the most recent measurement prior to 31st 

December. Definitions of characteristics have been provided in Table 3.3. Categorical 

data were described with numbers and percentages while numerical characteristics 

were described with medians and interquartile ranges. Differences in characteristics 

were explored using the chi-squared test (or Fisher’s exact test if the number of 

individuals in each group/cell was <5) for categorical variables and the Kruskal-Wallis 

tests for continuous variables. 

 

As mentioned above, the number of individuals who had a liver fibrosis marker within 

each calendar year (among those who were currently HCV-RNA positive at 31st 

December) was explored, then the proportion with fibrosis ≥F3 was calculated. The 

change in the proportion of individuals with fibrosis ≥F3 between 2010 and 2018 was 

then described. Differences between regions at each year were compared using the 

chi-squared test. The proportion of currently HCV-RNA positive individuals with a 

liver-related event (defined in Section 3.2.3) at each calendar year was also 

described, and compared between regions using Fisher’s exact test due to the small 

number of events. 

 

3.2.5.2 Factors associated with fibrosis ≥F3 

Logistic regression was used to determine the adjusted odds ratio of having fibrosis 

≥F3, including data from each calendar year. For this analysis, characteristics were 

defined based on the most recent measurement prior to the liver fibrosis marker 

included instead of 31st December. Generalised estimating equations were used to 

allow for the inclusion of data from individuals included at multiple years. Variables 

described in Table 3.3 that were significant (p<0.1) in the univariable analysis were 
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included in the multivariable model (unless there was evidence of collinearity). Table 

3.3 also highlights which variables included in the model were time-updated (once 

yearly). The impact of time on the burden of liver fibrosis in each region was of 

particular interest, and therefore the interaction between region and time was 

included a priori in the adjusted model.  

 

SAS 9.4 was used for all analyses (version 9.4; SAS Institute, Cary, North Carolina, 

USA).   
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3.3 Results  

Table 3.4 below shows the number of individuals included in each analysis. 

 

Table 3.4: Description of individuals included in each analysis 
Section Analysis n included 

3.1.1 Study population 2010 
Description of individuals eligible  
Comparison of those included vs excluded 

1594 
1120 vs 474 

3.1.2 Baseline characteristics 
2010 

Comparison between individuals with fibrosis <F3 vs ≥F3 875 vs 245 

3.1.3 Study population 2018 
Description of individuals eligible  
Comparison of those included vs excluded 

1272 
894 vs 378 

3.1.4 Baseline characteristics 
2018 

Comparison between individuals with fibrosis <F3 vs ≥F3 759 vs 135 

3.1.5 Proportion of advanced 
fibrosis, over time  

Change in proportion over time 
Year 2010-

2018 

3.1.6 Proportion of liver 
events, over time 

Change in proportion over time 
Year 2010-

2018 

3.1.7 Factors associated with 
advanced fibrosis 

Odds of advanced fibrosis 3744 

 

3.3.1 Study population for 2010 analysis 

There were 1594 individuals who were currently HCV-RNA positive at 31st December 

2010, 1120 (70.3%) of whom had a liver fibrosis marker during the calendar year and 

were included in this analysis, and 474 that did not and were excluded (Table 3.5). 

After adjustment, individuals from Northern Europe had a lower odds of being 

included in this analysis compared to individuals from Southern Europe [adjusted 

odds ratio (aOR)=0.38, 95% CI=0.25-0.57]. Individuals who were on cART had a higher 

odds of being included [aOR=1.97, 95% CI=1.37-2.81], as did individuals who 

previously received HCV treatment [aOR=1.48, 95% CI=1.07-2.06]. The majority of 

the liver fibrosis results were based on an APRI score (n=925, 85.6%), followed by a 

Fibroscan test (n=149, 13.3%), liver biopsy (n=45, 4.0%), and hyaluronic acid result 

(n=1, 0.1%). Of those with a fibrosis marker, 245 (21.9%, 95% confidence interval 

(CI)=19.5-24.3) individuals had fibrosis ≥F3.  
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3.3.2 Baseline characteristics of individuals included in the 2010 analysis 

Baseline characteristics by fibrosis stage can be seen below in Table 3.5. The majority 

of individuals with a fibrosis marker were from Southern Europe (36.5%), followed by 

Central-West (20.4%), East (18.4), Central-East (15.5%), and Northern Europe (9.2%). 

The majority of individuals were male (68.5%) and of white ethnicity (91.3%). The 

median age was 46 years old (interquartile range [IQR]: 39-50), and the most 

common route of HIV transmission was injection drug use (IDU) (65.4%), followed by 

heterosexual (14.3%), men who have sex with men (MSM) (10.8%), and other routes 

(9.5%). The median CD4 count was 491 cells/mm3 (IQR: 320-680), and 92% of 

individuals were on HIV treatment on 31st December 2010. There were 129 

individuals who had at least 1 non-AIDS defining illness (non-ADI), 53 (41.1%) of 

whom ever had a liver-related event and 76 (58.9%) of whom had other non-AIDS 

defining malignancies (NADM), cardiovascular disease (CVD), end-stage renal disease 

(ESRD), or pancreatitis. Overall there were 153 non-ADI events as some individuals 

had multiple non-ADIs, which has been described further in Figure 3.2, the most 

common non-ADI was ESLD (n=50) followed by NADM (n=42), CVD (n=32), 

pancreatitis (n=16), HCC (n=7), and ESRD (n=6). The majority of individuals included 

had HCV genotype measurement (80.8%). Among the 905 individuals who were 

genotyped, genotype 1 was the most common (55.0%), followed by genotype 3 

(26.1%), genotype 4 (16.6%), and genotype 2 (2.3%). There were 846 (71.7%) 

individuals who had never previously received HCV treatment and 317 (28.3%) 

individuals who had, all of whom received an interferon (IFN) based regimen. 

  

There were significant differences in the proportion of individuals with advanced 

fibrosis or cirrhosis based on certain characteristics (p<0.05). The proportion of 

individuals who had fibrosis ≥F3 was significantly higher in Northern (31.1%) and 

Southern (28.1%) Europe compared to Central-West (19.3%), Central-East (19.0%), 

and Eastern Europe (10.2%). The median age was higher (48 years old, IQR: 38-50) 

among those with advanced fibrosis compared to those with fibrosis <F3 (45 years 

old, IQR: 43-51), and the median CD4 count was lower among those with fibrosis ≥F3 
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(410 cells/mm3, IQR: 272-620) compared to those with fibrosis <F3 (512 cells/mm3, 

IQR: 338-697). Individuals with a liver-related non-ADI had a higher proportion of 

fibrosis ≥F3 (45.3%) compared to individuals with other non-ADIs (21.1%), or no non-

ADI (20.7%). Individuals with genotype 3 (30.1%) and genotype 2 (28.6%) also had a 

higher proportion of advanced fibrosis compared to those with genotype 1 (21.7%), 

or genotype 4 (12.7%). The proportion of fibrosis ≥F3 was higher among those who 

had previously received HCV treatment (27.8%) compared to those that did not 

receive HCV treatment (19.6%). 
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Table 3.5: Baseline characteristics of individuals included in 2010 analysis 
    Currently 

HCV-RNA 
positive 

Available 
fibrosis 
marker 

Fibrosis <F3 Fibrosis ≥F3 P-
value 

    n (%) 

Overall   1594 (100.0) 1120 (70.3) 875 (78.1) 245 (21.9)  

Sex Male 1093 (68.6) 767 (68.5) 587 (76.5) 180 (23.5) 
0.0573 

Female 501 (31.4) 353 (31.5) 288 (81.6) 65 (18.4) 

Ethnicity White 1461 (91.7) 1022 (91.3) 799 (78.2) 223 (21.8) 

0.1383 GM* 38 (2.4) 30 (2.7) 27 (90.0) 3 (10.0) 

Unknown 95 (6.0) 68 (6.1) 49 (72.1) 19 (27.9) 

Region of 
Europe 
  
  

South 530 (33.2) 409 (36.5) 294 (71.9) 115 (28.1) 

<.0001 

Central-West 290 (18.2) 228 (20.4) 184 (80.7) 44 (19.3) 

North 183 (11.5) 103 (9.2) 71 (68.9) 32 (31.1) 

Central-East 264 (16.6) 174 (15.5) 141 (81.0) 33 (19.0) 

East 327 (20.5) 206 (18.4) 185 (89.8) 21 (10.2) 

HIV risk 
group 

MSM† 175 (11.0) 121 (10.8) 95 (78.5) 26 (21.5) 

0.2934 
PWID‡ 1084 (68.0) 733 (65.4) 563 (76.8) 170 (23.2) 

Heterosexual 208 (13.0) 160 (14.3) 134 (83.8) 26 (16.3) 

Other 127 (8.0) 106 (9.5) 83 (78.3) 23 (21.7) 

HIV-RNA  
(cp/ml) 

≤500 1162 (72.9) 954 (85.2) 741 (77.7) 213 (22.3) 

0.2400 >500 171 (10.7) 126 (11.3) 105 (83.3) 21 (16.7) 

Unknown 261 (16.4) 40 (3.6) 29 (72.5) 11 (27.5) 

AIDS event No 1106 (69.4) 760 (67.9) 602 (79.2) 158 (20.8) 
0.2017 

Yes 488 (30.6) 360 (32.1) 273 (75.8) 87 (24.2) 

Non-ADI No 1416 (88.8) 991 (88.5) 786 (79.3) 205 (20.7) 

0.0001 Liver related 73 (4.6) 53 (4.7) 29 (54.7) 24 (45.3) 

Other§ 105 (6.6) 76 (6.8) 60 (78.9) 16 (21.1) 

HCV 
genotype 

G1 691 (43.4) 498 (44.5) 390 (78.3) 108 (21.7) 

0.0011 

G2 30 (1.9) 21 (1.9) 15 (71.4) 6 (28.6) 

G3 343 (21.5) 236 (21.1) 165 (69.9) 71 (30.1) 

G4 205 (12.9) 150 (13.4) 131 (87.3) 19 (12.7) 

Unknown 325 (20.4) 215 (19.2) 174 (80.9) 41 (19.1) 

On cART No 303 (19.0) 141 (12.6) 113 (80.1) 28 (19.9) 
0.5355 

Yes 1291 (81.0) 979 (87.4) 762 (77.8) 217 (22.2) 

Prior HCV 
treatment 

No 1196 (75.0) 803 (71.7) 646 (80.4) 157 (19.6) 
0.0028 

Yes 398 (25.0) 317 (28.3) 229 (72.2) 88 (27.8) 

HBV 
infection 

No 1388 (87.1) 990 (88.4) 770 (77.8) 220 (22.2) 

0.6279 Yes 104 (6.5) 71 (6.3) 56 (78.9) 15 (21.1) 

Unknown 102 (6.4) 59 (5.3) 49 (83.1) 10 (16.9) 

HCV-RNA 
(IU/ml) 
  

<500000 482 (30.2) 334 (29.8) 253 (75.7) 81 (24.3) 

0.392 ≥500000  750 (47.1) 537 (47.9) 422 (78.6) 115 (21.4) 

Positive| 362 (22.7) 249 (22.2) 200 (80.3) 49 (19.7) 

  Median (IQR)  

Age (years) 46 (37-50) 46 (39-50) 45 (38-50) 48 (43-51) <.0001 

CD4 count (cells/mm3)  484 (315-676) 491 (320-680) 512 (338-697) 410 (272-620) <.0001 

CD4 nadir (cells/mm3) 144 (63-230) 140 (65-223) 144 (67-226) 128 (60-206) 0.0760 

*Global majority, MSM: †Men who have sex with men, ‡PWID: People who inject drugs  
§Other non-ADI: non-AIDS defining malignancy (excluding HCC), cardiovascular disease, end-stage renal disease, 
or pancreatitis 
|HCV-RNA positive, but unknown value  
n with CD4 count = 1370, n with CD4 nadir = 1594 
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Figure 3.2: Number of individuals with non-ADI 

 
ESLD: end-stage liver disease, HCC: Hepatocellular carcinoma, NADM: non-AIDS defining malignancy, CVD: 
cardiovascular disease, ESRD: end-stage renal disease 

 

3.3.3 Study population for 2018 analysis 

There were 1272 individuals who were currently HCV-RNA positive at 31st December 

2018, 894 (70.3%) had a liver fibrosis marker. After adjustment, individuals included 

in this analysis had a higher odds of being on cART [aOR=2.11, 95% CI=1.25-3.56] and 

had a lower odds of being from Central-Western Europe [aOR=0.36, 95% CI=0.21-

0.64]. The most common liver fibrosis marker used was APRI score (80.1%), followed 

by fibroscan (19.0%), and liver biopsy (0.9%). Among those with a fibrosis marker, 

15.1% (95%=12.8-17.5) had advanced fibrosis, which is 6.8% less than the proportion 

with advanced fibrosis in 2010. 

 

3.3.4 Baseline characteristics of individuals included in the 2018 analysis 

Among all individuals with a fibrosis marker (n=894), the median age was 47 years 

old (IQR: 40-54), which is similar to the median age in 2010 (46 years old, IQR: 39-50) 
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fibrosis <F3 and with fibrosis ≥F3 in 2018. The median CD4 count was 564 cells/mm3 

(IQR: 383-775), which is 73 cells/mm3 higher than the median CD4 count in 2010. 

There were 312 (34.9%) individuals who previously received HCV treatment, of whom 

45.8% received an IFN-based regimen, 1.9% received IFN + DAA, and 52.2% received 

an IFN-free DAA regimen. Individuals treated with DAA only regimens had a lower 

proportion of advanced fibrosis (6.7%) than those treated with IFN-based regimens 

(14.0%). More individuals had access to HCV treatment by 2018 (34.9% vs 28.3%), 

and the proportion of advanced fibrosis was lower among those treated compared 

to 2010 (11.2% vs 27.8%) 

 

Individuals with an HIV-RNA ≤500 (cp/ml) had a lower proportion of advanced fibrosis 

(14.1%) compared to those with HIV-RNA >500 (27.1%), however there was no 

significant difference among the individuals included in the 2010 analysis. The 

proportion of advanced fibrosis was highest among those with genotype 3 (22.6%), 

which was also the case in 2010 (30.1%), however it was 7.5% lower. 
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Table 3.6: Baseline characteristics of individuals included in 2018 analysis 
    

Currently HCV-
RNA positive 

Available 
fibrosis 
marker 

Fibrosis <F3 Fibrosis ≥F3 P-
value 

    n (%) 

Overall   1272 (100.0) 894 (70.3) 759 (84.9) 135 (15.1)  

Sex Male 864 (67.9) 600 (67.1) 503 (83.8) 97 (16.2) 
0.2035  Female 408 (32.1) 294 (32.9) 256 (87.1) 38 (12.9) 

Ethnicity White 1172 (92.1) 827 (92.5) 700 (84.6) 127 (15.4) 

0.7581  GM* 34 (2.7) 25 (2.8) 23 (92.0) 2 (8.0) 

Unknown 66 (5.2) 42 (4.7) 36 (85.7) 6 (14.3) 

Region of 
Europe 
  
  

South 232 (18.2) 167 (18.7) 146 (87.4) 21 (12.6) 

0.0019  

Central-West 197 (15.5) 158 (17.7) 146 (92.4) 12 (7.6) 

North 174 (13.7) 90 (10.1) 72 (80.0) 18 (20.0) 

Central-East 302 (23.7) 199 (22.3) 173 (86.9) 26 (13.1) 

East 367 (28.9) 280 (31.3) 222 (79.3) 58 (20.7) 

HIV risk 
group 

MSM† 185 (14.5) 135 (15.1) 121 (89.6) 14 (10.4) 

0.0686  
PWID‡ 771 (60.6) 536 (60.0) 443 (82.6) 93 (17.4) 

Heterosexual 222 (17.5) 159 (17.8) 136 (85.5) 23 (14.5) 

Other 94 (7.4) 64 (7.2) 59 (92.2) 5 (7.8) 

HIV-RNA  
(cp/ml) 

≤500 800 (62.9) 725 (81.1) 623 (85.9) 102 (14.1) 

0.0136  >500 83 (6.5) 70 (7.8) 51 (72.9) 19 (27.1) 

Unknown 389 (30.6) 99 (11.1) 85 (85.9) 14 (14.1) 

AIDS event No 957 (75.2) 676 (75.6) 574 (84.9) 102 (15.1) 
0.986  Yes 315 (24.8) 218 (24.4) 185 (84.9) 33 (15.1) 

Non-ADI No 1141 (89.7) 799 (89.4) 684 (85.6) 115 (14.4) 

0.0472  Liver related 27 (2.1) 21 (2.3) 14 (66.7) 7 (33.3) 

Other§ 104 (8.2) 74 (8.3) 61 (82.4) 13 (17.6) 

HCV 
genotype 

G1 515 (40.5) 372 (41.6) 320 (86.0) 52 (14.0) 

0.0007  

G2 32 (2.5) 23 (2.6) 23 (100.0)  

G3 262 (20.6) 177 (19.8) 137 (77.4) 40 (22.6) 

G4 151 (11.9) 95 (10.6) 89 (93.7) 6 (6.3) 

Unknown 312 (24.5) 227 (25.4) 190 (83.7) 37 (16.3) 

On cART No 118 (9.3) 68 (7.6) 63 (92.6) 5 (7.4) 
0.0634  Yes 1154 (90.7) 826 (92.4) 696 (84.3) 130 (15.7) 

Prior HCV 
treatment| 

No 851 (66.9) 582 (65.1) 482 (82.8) 100 (17.2) 

<.0001  
IFN 203 (16.0) 143 (16.0) 123 (86.0) 20 (14.0) 

IFN+DAA 9 (0.7) 6 (0.7) 2 (33.3) 4 (66.7) 

DAA only 209 (16.4) 163 (18.2) 152 (93.3) 11 (6.7) 

HBV 
infection 

No 1124 (88.4) 807 (90.3) 691 (85.6) 116 (14.4) 

0.1196  Yes 65 (5.1) 48 (5.4) 36 (75.0) 12 (25.0) 

Unknown 83 (6.5) 39 (4.4) 32 (82.1) 7 (17.9) 

HCV-RNA 
(IU/ml) 
  

<500000 399 (31.4) 281 (31.4) 243 (86.5) 38 (13.5) 

0.4303  ≥500000  649 (51.0) 465 (52.0) 395 (84.9) 70 (15.1) 

Positive¶ 224 (17.6) 148 (16.6) 121 (81.8) 27 (18.2) 

  Median (IQR)  

Age (years) 47 (40-55) 47 (40-54) 47 (40-55) 47 (39-55) 0.5255 

CD4 count (cells/mm3)  558 (380-763) 564 (383-775) 571 (399-787) 525 (340-667) 0.0010 

CD4 nadir (cells/mm3) 166 (79-265) 165 (80-260) 167 (80-262) 170 (71-276) 0.3093 

*Global majority, MSM: †Men who have sex with men, ‡PWID: People who inject drugs  
§Other non-ADI: non-AIDS defining malignancy (excluding HCC), cardiovascular disease, end-stage renal disease, 
or pancreatitis 
|Based on most recent treatment prior to 31st December 
¶HCV-RNA positive, but unknown value 
n with CD4 count = 920, n with CD4 nadir = 1268 
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3.3.5 The burden of advanced fibrosis over time 

Figure 3.3 shows the proportion of individuals who had fibrosis stage F3 or F4 at each 

calendar year (from 1st January to 31st December). There were 1120, 1081, 1187, 

1169, 1873, 2242, 1876, 1193, and 894 individuals under FU who were ever HCV-RNA 

positive with a liver fibrosis marker in 2010, 2011, 2012, 2013, 2014, 2015, 2016, 

2017, and 2018, respectively. The proportion of these individuals with fibrosis ≥F3 

decreased by 6.8% over time, from 21.9% (95% CI=19.5-24.3) in 2010 to 15.1% (95% 

CI=12.8-17.5) in 2018. While there was a steady decline in the prevalence of 

advanced fibrosis over time, there was a 2.3% increase in advanced fibrosis from 

19.6% (95% CI=17.3-21.9) in 2013 to 21.9% (95% CI=20.0-23.8) in 2014. By 2015 the 

proportion of individuals with advanced fibrosis dropped again by 5.4% to 16.5% 

(95% CI=14.9-18.0) and gradually decreased until 2018, with slight fluctuation 

between 2016 and 2017 (1.5% increase). 

 

Figure 3.3: Percentage of individuals with fibrosis ≥F3 at each calendar year 
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3.3.5.1 Change in the burden of advanced fibrosis over time, by region 

Figure 3.4 shows the change in the proportion of individuals with fibrosis ≥F3 over 

time for each region, and the number of individuals with advanced fibrosis at each 

region and year can be seen in Table 3.7. The burden of advanced fibrosis decreased 

the most in Southern Europe, from 28.1% in 2010 to 12.6% in 2018 (15.5% decrease). 

There was an 11.7% decrease in the proportion of individuals with fibrosis ≥F3 in 

Central-Western Europe between 2010 and 2018, an 11.1% decrease in Northern 

Europe, and a 5.9% decrease in Central-East. While there was an overall decrease in 

the proportion of individuals with fibrosis ≥F3 in South, Central-west, North and 

Central-Eastern Europe between 2010 and 2018, the burden of advanced liver 

fibrosis varied between 2010 and 2014, only consistently decreasing each year from 

2014. The proportion of individuals with fibrosis ≥F3 in Eastern Europe increased over 

time, from 10.2% in 2010 to 20.7% in 2018, which is a 100% increase over 8 years. 

However, the prevalence of fibrosis ≥F3 increased most between 2013 and 2014, 

from 12.0% to 18.1%. While the proportion of individuals with advanced fibrosis was 

lowest in Eastern Europe between 2010 and 2014, this was no longer the case from 

2015 as the burden of fibrosis ≥F3 increased in Eastern Europe, while decreasing in 

all other regions. 

 

There were significant differences in the proportion of individuals with advanced 

fibrosis between regions (p<0.05) for all years, except 2015 (p=0.2191). In 2010 the 

burden of fibrosis ≥F3 was highest in Northern (31.1%) and Southern Europe (28.1%), 

and lowest in Eastern Europe (10.2%). However by 2018 the proportion of individuals 

with advanced fibrosis was highest in Eastern (20.7%) and Northern Europe (20.0%), 

and lowest in Central-West (7.6%). 
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Figure 3.4: Regional difference in advanced fibrosis and cirrhosis over time 
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Table 3.7: Advanced fibrosis over time, by region  
n (%) 

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Overall 245 (21.9) 231 (21.4) 247 (20.8) 229 (19.6) 410 (21.9) 369 (16.5) 258 (13.8) 182 (15.3) 135 (15.1) 

South 115 (28.1) 106 (27.0) 95 (23.9) 95 (25.5) 159 (26.0) 100 (16.5) 60 (12.8) 28 (12.1) 21 (12.6) 

Central-West 44 (19.3) 39 (18.7) 50 (23.1) 39 (18.3) 97 (22.3) 66 (13.6) 30 (9.0) 24 (12.1) 12 (7.6) 

North 32 (31.1) 24 (22.0) 28 (27.5) 25 (21.6) 44 (22.0) 59 (19.3) 30 (12.3) 17 (13.6) 18 (20.0) 

Central-East 33 (19.0) 39 (21.4) 41 (19.1) 39 (18.8) 51 (17.0) 63 (15.9) 52 (14.8) 43 (14.8) 26 (13.1) 

East 21 (10.2) 23 (12.2) 33 (12.9) 31 (12.0) 59 (18.1) 81 (18.0) 86 (18.0) 70 (20.2) 58 (20.7) 
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3.3.5.2 Factors associated with odds of fibrosis ≥F3 

There were 3744 individuals who had at least 1 fibrosis marker between 2010 and 2019. 

Not every individual had a fibrosis measurement at each calendar year, therefore the 

data was unbalanced. There were a total of 12635 observations and the median number 

of measurements included per individual was 3 (IQR=2-5), however this ranged from 1 

to 9. Across all 12635 observations from the 3744 individuals, the proportion of fibrosis 

≥F3 was 18.3% (2306/12635, 95% CI=17.6-18.9). Among the 3744 individuals included, 

1249 (33.4%, 95% CI=31.9-34.9) had advanced fibrosis at some point between 2010 and 

2018, and 2541 (67.9%, 95% CI=66.4-69.4) individuals never received HCV treatment 

between 2010 and 2018. Among the 3744 individuals included in this analysis, 28.4%, 

21.3%, 13.9%, 15.5%, and 20.9% were from South, Central-West, North, Central-East, 

and Eastern Europe, respectively. The majority of 3744 individuals were male (71.5%), of 

white ethnicity (89.6%), and PWID (59.8%). The most common genotype was 1 (45.6%) 

followed by genotype 3 (19.6%), genotype 4 (13.5%), and genotype 2 (2.5%) (18.8% had 

an unknown genotype). 

 

In univariable analysis, females were found to have a lower odds of having fibrosis ≥F3 

compared to males [odds ratio (OR)=0.74, 95% CI=0.64-0.86], as were individuals from 

Central-West, Central-East and Eastern Europe (compared to Southern Europe) 

[OR=0.73, 95% CI=0.60-0.88, OR=0.67, 95% CI=0.54-0.83, and OR=0.69, 95% CI=0.57-

0.82, respectively], those with CD4 count >500 cells/mm3 [OR=0.63, 95% CI=0.57-0.69], 

and individuals from the global majority [OR=0.65, 95% CI=0.41-1.04]. Calendar year of 

fibrosis measurement also impacted the odds of having fibrosis ≥F3 as individuals in 

2015-2016 had a lower odds compared to those in 2014 or earlier [OR=0.86, 95% 

CI=0.78-0.94]. Individuals with genotype 4 had a lower odds while those with genotype 

3 had a higher odds (compared to genotype 1) [OR=0.73, 95% CI=0.59-0.91 and OR=1.49, 

95% CI=1.26-1.76, respectively]. Finally previously being treated with a DAA only regimen 

was also associated with a lower odds of fibrosis ≥F3 compared to those not treated 
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[OR=0.47, 95% CI=0.32-0.70] while being treated with an IFN only regimen led to an 

increased odds of advanced fibrosis [OR=1.19, 95% CI=1.03-1.37]. Individuals 40-50, 50-

60 and >60 years old were found to have a higher odds of fibrosis ≥F3 compared to those 

40 years old or younger [OR=1.48, 95% CI=1.27-1.72, OR=1.69, 95% CI=1.44-1.98, and 

OR=1.73, 95% CI=1.34-2.24 respectively]. PWID and other HIV risk groups also had a 

higher odds of advanced fibrosis compared to MSM [OR=1.67, 95% CI=1.37-2.04 and 

OR=1.42, 95% CI=1.05-1.93], as did individuals with a previous AIDS event [OR=1.17, 95% 

CI=1.01-1.36] or liver-related non-ADI [OR=2.62, 95% CI=1.92-3.59]. HBV co-infected 

individuals also had a higher odds of advanced fibrosis [OR=1.27, 95% CI=0.99-1.62] 

 

After adjusting for fixed time and time-updated variables, individuals aged 40-50, 50-60, 

or >60 years were all found to have a higher odds of advanced fibrosis compared to those 

≤40 years [aOR=1.45, 95% CI=1.22-1.72, aOR=1.68, 95% CI=1.38-2.03, and aOR=1.87, 

95% CI=1.40-2.50] (Figure 3.5). PWID also had an increased odds of fibrosis ≥F3 

(compared to MSM) [aOR=1.54, 95% CI=1.24-1.91], as did those with a liver-related non-

ADI [aOR=2.34, 95% CI=1.71-3.21]. Individuals with genotype 3 had a higher odds of 

advanced fibrosis [aOR=1.47, 95% CI=1.24-1.74], while individuals with genotype 4 had 

a lower odds [aOR=0.74, 95% CI=0.59-0.92]. Individuals who had previously received IFN 

based treatment (most recent treatment before the fibrosis marker for those who 

received multiple treatments) had a higher odds of advanced fibrosis [aOR=1.16, 95% 

CI=1.00-1.34] and those who received DAA only regimen had a lower odds of advanced 

fibrosis [aOR=0.43, 95% CI=0.29-0.64]. Females had a lower odds of fibrosis ≥F3 

[aOR=0.76, 95% CI=0.65-0.89], as did individuals from Eastern Europe (compared to 

individuals from Southern Europe) [aOR=0.81, 95% CI=0.65-1.00, respectively], and 

individuals with a CD4 count >500 cells/mm3 [aOR=0.63, 95% CI=0.56-0.69]. Over time 

the odds of advanced fibrosis also reduced, as those under FU and with a fibrosis 

measurement in 2015-2016 had a lower odds of fibrosis ≥F3 (compared to those included 
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≤2014) [aOR=0.88, 95% CI=0.80-0.98]. After adjustment ethnicity, prior AIDS event, and 

HBV infection were no longer significantly associated with the odds of fibrosis ≥F3. 

  

Figure 3.5: Adjusted odds of having fibrosis ≥F3 

  
Model also adjusted for unknown ethnicity, CD4 count, genotype, and HBV infection  
*MSM: Men who have sex with men, †PWID: people who inject drugs  
‡Other non-ADI: non-AIDS defining malignancy (excluding HCC), cardiovascular disease, end-stage renal disease, or 
pancreatitis 
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We also tested for an interaction between region and year in the multivariable model 

and the interaction effect was found to be significant (p=0.0001), which shows that the 

change in the level of advanced fibrosis over time differed based on the region of Europe. 

The multivariable model in Figure 3.5 was then carried out within each region to explore 

how the effect of time on the odds of having advanced fibrosis varied by region. Due to 

data sparseness in the stratified analysis, ethnicity was taken out of the model, and prior 

HCV treatment was recategorised as ‘yes’ or ‘no’. Figure 3.6 shows the results of the 5 

multivariable models. In Southern Europe, the odds of advanced fibrosis decreased over 

time as the odds were lower in 2015-2016 and 2017-2018 (compared to ≤2014) 

[aOR=0.64, 95% CI=0.50-0.82 and aOR=0.64, 95% CI=0.50-0.82]. The odds of advanced 

fibrosis also decreased over time in Central-Western Europe [aOR=0.65, 95% CI=0.50-

0.83 and aOR=0.52, 95% CI=0.36-0.74]. There was also evidence to suggest the odds of 

having advanced fibrosis increased over time in Eastern Europe [aOR=1.37, 95% CI=1.08-

1.73, aOR=1.58, 95% CI=1.22-2.04, respectively]. There was no significant evidence to 

suggest there was any difference over time in Northern and Central-Eastern Europe.  

  



135 
 

Figure 3.6: Adjusted odds ratio of having fibrosis ≥F3, by region 

 
Results from 5 multivariable models which also adjusted for age, sex, HIV risk group, CD4 count, AIDS event, non-
ADI, year of FU, HCV genotype, prior HCV treatment, and HCV infection  
Ethnicity was not included and prior HCV treatment was categorised as ‘yes’ or ‘no’ due to data sparseness  
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3.3.6 The proportion of liver-related events over time 

The proportion of individuals with a liver-related event between 1st January and 31st 

December, among those who were under FU and currently HCV-RNA positive at 31st 

December can be seen in Figure 3.7. The number of currently HCV-RNA positive 

individuals on 31st December at each year can be seen in the x-axis of Figure 3.7. There 

was an overall downward trend in the proportion of liver events over time, with a 0.7% 

decrease from 0.8% (95% CI=0.4-1.3) in 2010 to 0.1% (95% CI=0.0-0.2) in 2018. There 

was some small (0.6%) fluctuation in the proportion of liver events over time between 

2011 and 2013. However, the proportion of liver events halved between 2016 and 2017, 

dropping from 0.6% (95% CI=0.3-0.9) to 0.3% (95% CI=0.0-0.5). The highest proportion 

of events occurred in 2011 and 2013 (1.4%, 95% CI=0.8-2.0 and 0.8-1.9, respectively), 

and the lowest proportion of events occurred in 2018 (0.1%, 95% CI=0.0-0.2). The 

number of events was very low across all years, with a maximum of 21 events in 2011, 

2012, and 2013 and a minimum of 1 event in 2018. 

 

Figure 3.7: Percentage of individuals with a liver-related event at each calendar year 
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3.3.6.1 Change in the proportion of liver events over time, by region 

Figure 3.8 shows the proportion of HCV-RNA positive individuals with a liver-related 

event at each calendar year for each region. The proportion of liver-related events 

decreased the most between 2010 and 2018 in South, North, and Central-Western 

Europe (1.1%, 1.1% and 1.0% difference, respectively). There were no significant 

differences in the proportion of liver-related events between regions at any calendar 

year (p>0.1). This may be due to the smaller number of liver-related events. Therefore, 

while Figure 3.8 appears to show regional differences across most time-points, the low 

number of liver-related events limited the power to explore regional differences. 

 

Figure 3.8: Regional difference in liver-related events over time 
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3.4 Discussion  

Among all HIV/HCV co-infected individuals included in this analysis between 2010 and 

2018 (n=3744), the prevalence of fibrosis ≥F3 was 33.4% (n=1249, 95% CI=31.9-34.9). 

Age, gender, CD4 count, HCV genotype, non-ADI, and HCV treatment were all found to 

be associated with advanced fibrosis in multivariable analysis. After adjustment there 

were significant differences between regions, likely attributable to the duration of HCV 

infection and differences in clinic resources. There were also significant changes in the 

burden of fibrosis over time, however the changes over time differed between regions 

as the burden of fibrosis has increased over time in Eastern Europe and decreased in 

Southern and Central-Western Europe. There was also a considerable proportion of HCV-

RNA positive individuals included in this analysis that never received HCV treatment 

(67.9%). These findings highlight the importance of better screening programs and 

improved access to HCV treatment.  

 

3.4.1 Burden of fibrosis 

The overall prevalence of advanced fibrosis or cirrhosis among individuals under FU 

between 1/1/2010 and 1/1/2019 and HCV-RNA positive was 33.4%. This finding is similar 

to the proportion of advanced fibrosis reported by studies in HIV/HCV co-infected 

individuals. De Ledinghen et al. found that 39% of co-infected individuals included 

between 2004 and 2006 (n=112) had advanced fibrosis (408). Also, Béguelin et al. 

reported that 33% of individuals included between 2011 and 2014 in the Swiss HIV 

Cohort Study had advanced fibrosis (413). This finding is higher than the proportion of 

advanced fibrosis among HCV mono-infected individuals reported by Klevens et al. (20%) 

and de Ledinghen et al. (18%) (407,408). Silver et al. reported a higher proportion of 

advanced fibrosis compared to other studies in HCV mono-infected individuals (28%). 

However, the analysis by Sliver et at. was carried out among African Americans during a 
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time when interferon-based treatment regimens were used, which were less effective 

among Black individuals compared to white individuals (411).  

 

I found that the percentage of HCV-RNA positive individuals with advanced fibrosis 

decreased over time, from 21.9% in 2010 to 15.1% in 2018. There was some fluctuation 

between 2010 and 2014, however, the more substantial decreases occurred after 2014 

as there was a 5.4% decrease between 2014 and 2015. The year 2014 was around the 

time that uptake of the new highly effective DAA treatment increased in Europe (368). 

Therefore the decrease in advanced fibrosis may be due to the increased uptake of safe 

and effective HCV treatment, as treating chronic HCV has been found to prevent further 

degeneration of the liver. Within each calendar year, there were significant differences 

between regions (p<0.05, except in 2015 (p=0.2191)), therefore the difference in the 

proportion of advanced fibrosis over time was also explored within each region. Overall, 

there was a downward trend in South, Central-West, North and Central-Eastern Europe. 

However, the proportion of fibrosis ≥F3 increased over time in Eastern Europe. Béguelin 

et al. also described a decrease in the burden of advanced fibrosis over time among 

individuals enrolled in the Swiss HIV Cohort Study (33% in March 2014 and 15% in 

December 2015) (413). They also found the majority of those treated between April 2014 

and December 2015 (n=180) had advanced fibrosis (76.1%) due to treatment priorities 

(413). Treatment with DAAs was only reimbursed by Swiss health insurance for people 

with fibrosis ≥F3 until August 2015, when the threshold was reduced to Metavir F2 (413).  

 

There was also a downward trend in the proportion of liver-related events between 2010 

and 2018, from 0.8% to 0.1%. However, the number of liver-related events within each 

year was very low, ranging from 1 event in 2018 to 21 events in 2011, 2012, and 2013, 

therefore there was very limited power to explore regional differences in liver-related 

events. 
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3.4.2 Factors associated with fibrosis ≥F3  

Factors associated with having fibrosis ≥F3 between 2010 and 2018 were explored using 

logistic regression with generalised estimating equations to account for repeated 

measures from individuals included in multiple years of FU. During univariable analysis, 

most regions (except Northern Europe) had a significantly lower odds of advanced 

fibrosis compared to Southern Europe. Older individuals, PWID (compared to MSM), 

individuals with genotype 3 (compared to genotype 1), and individuals who had 

previously received an IFN-based regimen (compared to no HCV treatment) had a higher 

odds of having advanced fibrosis. However, females, individuals from Eastern Europe 

(compared to Southern Europe), CD4 count >500 cell/mm3, genotype 4, and individuals 

who previously received an IFN-free DAA regimen had a lower odds of having fibrosis 

≥F3. After adjusting for other characteristics associated with advanced fibrosis such as 

age, gender, and CD4 count, the regional differences were still significant. Also after 

adjustment, the odds of advanced fibrosis was lower in 2015-2016 compared to 2010-

2014.  

 

The potential interaction between region and time was considered to be clinically 

important a priori and was therefore assessed, and the change in advanced fibrosis over 

time was found to vary significantly between regions. The effect of time within each 

region was explored in separate multivariable models for each region. The odds of having 

advanced fibrosis decreased over time in Southern and Central-Western Europe, 

increased over time in Eastern Europe, and there was no significant change over time in 

Northern or Central-Eastern Europe. As mentioned before, according to Peters et al. the 

uptake of effective DAA therapy increased in 2015, however they also found regional 

differences in treatment uptake (368). They described individuals from Central-East and 

Eastern as having a lower rate of DAA treatment uptake, and individuals from Central-

Western Europe having a higher rate of DAA treatment uptake (compared to individuals 

from Southern Europe) (368). Therefore this finding is not surprising, as successful DAA 
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treatment is associated with a reduction in advanced fibrosis (413), and individuals from 

Eastern Europe had less access to DAAs. Also, Eastern Europe had the highest proportion 

of PWID (72%), which Peters et al. also described as having a reduced rate of DAA uptake 

(368). 

 

While the Swiss HIV Cohort Study described the temporal change in the burden of 

fibrosis, it was limited to analysis of individuals within Switzerland (413). There are no 

published studies describing the regional differences in the change in the burden of 

advanced fibrosis over time in Europe, which limits comparisons with the regional 

difference over time found in this analysis.  

 

Bailey et al. described the burden of advanced fibrosis among women between 2007 and 

2012 and found 12.3% had fibrosis ≥F3 (410). While women had a lower odds of 

advanced fibrosis than men (aOR=0.76, 95% CI=0.65-0.89), the proportion of advanced 

fibrosis among women (18.4% vs 23.5% in men, p=0.0573) in the 2010 analysis was still 

around 6% higher than the study carried out in Ukraine. However, the median age of the 

participants of the Ukrainian study was 27.7 years old compared to 45.8 years old in this 

analysis. As described in the results, older individuals had a higher odds of fibrosis ≥F3, 

therefore this difference may be due to the differences in the study population age.  

 

After adjustment individuals aged over 40 years were found to have a higher odds of 

advanced fibrosis, with those aged over 60 having the most increased odds. This finding 

is consistent with HCV mono-infected (303) and HIV co-infected studies (412) that have 

also found an association between older age and advanced fibrosis. This analysis also 

showed that poorly controlled CD4 count increased the odds of advanced fibrosis which 

is also consistent with other studies (410). Some studies have indicated that HIV 
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treatment reduces fibrosis progression (423,424), however I did not find any association 

between HIV treatment and advanced fibrosis. 

 

3.4.3 Strengths and limitations 

This analysis had several limitations, firstly, the EuroSIDA Study did not have reliable data 

on the date of HCV diagnosis, and therefore, I was not able to describe late presentation, 

or the impact of the infection duration on fibrosis in this analysis. This creates bias in 

regard to who is being included in this analysis. The EuroSIDA Study also did not have 

reliable data on alcohol usage, which is associated with fibrosis progression (303,412). 

Also, the proportion of patients with a liver-related event was small, which meant the 

analysis was not sufficiently powered to explore regional differences. Silver et al. found 

a higher rate of fibrosis among individuals of Black ethnicity, however their analysis was 

carried out in the IFN treatment era, and IFN based regimens were not as effective at 

treating chronic HCV in Black individuals (411). In the univariable analysis, individuals 

from the global majority had a borderline lower odds of advanced fibrosis compared to 

individuals of white ethnicity, however after adjustment the finding was no longer 

significant. This finding may be because the study was not sufficiently powered as only 

2.6% of the study population were from the global majority. It would have been useful 

to explore the change in the prevalence of fibrosis in Black individuals since the 

introduction of DAAs so as to determine whether treatment type is the reason for the 

higher prevalence of fibrosis ≥F3 among Black individuals, or whether there are other 

systematic barriers to care that need to be considered. Also, I found that only 45.3% of 

individuals included in 2010 with a liver-related event had advanced fibrosis. However, 

as it is unlikely that a liver-related even would occur in someone with fibrosis <F3, 

therefore this finding may be due to the poor sensitivity of the APRI score in predicting 

cirrhosis, which is also a limitation of this study. Finally, clinics that participate in the 

EuroSIDA study are usually university affiliated and located in urban areas, therefore the 

care provided may not be representative of the standard of care in the country or region. 
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This analysis only included individuals who were HCV-RNA positive, however in some 

settings HCV-RNA testing is only carried out if HCV treatment can be offered. If this is the 

case, then there may be some individuals who are HCV-RNA positive and should be 

included in this analysis but are not included due to lack of testing and treatment 

resourses which may also affect the representativeness of these findings.  

 

A major strength of this study is the large size as well as the inclusion of data from across 

Europe. Data is collected systematically and is centrally reviewed, which allows for 

comparisons between regions. Also, the longitudinal nature of this study allowed us to 

explore temporal changes within regions in the prevalence of advanced fibrosis, which 

has not been carried out in many other real-world studies. Over 59% of the study 

population were PWID, who are generally excluded from studies and not well reported 

on. This analysis also included 582 individuals (36% of study) from Central-East and 

Eastern Europe where the burden of advanced fibrosis is not well described. 

 

3.5 Dissemination of results 

An early version of the results from this chapter was presented as a poster at the HepHIV 

conference in 2017, which can be seen in Appendix IV. The results presented at HepHIV 

were based on an older version of the dataset, however the results in this chapter have 

been further developed and updated to include more data. 
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Chapter 4 Establishing a cross-sectional and longitudinal hepatitis C 

continuum of care among HIV/HCV co-infected individuals in EuroSIDA 

 A continuum of care (CoC) is a framework that describes the successive steps in 

healthcare required for individuals to go through to achieve optimal health outcomes 

(384). The HIV continuum has become an integral public health tool for evaluating the 

outcome of HIV programmes, from diagnosis, to linkage to care, initiation of 

antiretroviral therapy and virological suppression. (425,426). The care continuum is not 

limited to HIV however and can be constructed for other conditions, such as HCV 

(384,427). 

 

The World Health Organisation (WHO) published a Global Hepatitis Report in 2017, 

which estimated the global chronic HCV CoC in 2015 (Figure 4.1) (227). They reported 

the prevalence of HCV to be 71 million globally, of who only 14 million were diagnosed 

(20%), 1.1 million (2%) initiated treatment, and 843000 (1%) achieved SVR (227). In 2017, 

the WHO set a goal of eliminating viral hepatitis as a public health threat by 2030 (227). 

Achieving this goal would require a reduction in new infections by 90% and a reduction 

in mortality due to viral hepatitis by 65% compared with the 2015 estimates (227). 

Reaching this ambitious goal of elimination by 2030 requires a huge effort to increase 

testing, linkage to care and access to effective anti-viral therapy (227). Therefore a HCV 

CoC is an essential framework to predict, monitor and evaluate progress in achieving 

these targets and allows cross-country or population comparisons. A CoC can also be 

used to identify leaks, or breaks, in HCV care that need to be addressed in order to ensure 

individuals’ transition through all stages and achieve SVR.  
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Figure 4.1: WHO Cascade of care for HCV infection, by WHO region (227)  

 
 

This chapter has been split into two parts, Section 4.1 and Section 4.2. Section 4.1 is the 

main part of this chapter, which describes the cross-sectional approach to describing the 

HCV CoC among HIV/HCV co-infected individuals. Section 4.2 is an extension to the CoC 

chapter, where a novel technique to describe the longitudinal CoC is explored. 

 

4.1 Cross-sectional HCV CoC  

4.1.1 Introduction 

4.1.1.1 HCV CoC 

Several different HCV care continuums have been proposed for HCV mono-infected 

individuals, however the majority of these studies were carried out in the interferon (IFN) 

era (Table 4.1). Yehia et al. carried out a systematic review and meta-analysis of all 

studies carried out in the USA between 2003 and 2013 (428). They estimated that 3.5 

million individuals in the USA were chronically infected with HCV, 50% of whom were 

diagnosed and 9% of whom achieved cure (428). Of those diagnosed, they estimated that 

only 37% were prescribed treatment and 22% achieved SVR (428). Hajarizadeh et al. 

estimated the HCV CoC in Australia in 2014 during the IFN treatment era (427). They 
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reported that of the 230470 individuals estimated to be living with chronic HCV, 75% 

were diagnosed, only 20% initiated treatment, and 11% were cured (427). While they 

estimated a high diagnosis rate, the rate of treatment initiation was still very low (427).  

 

Zukerman et al. explored the HCV CoC in the USA during the DAA era (2015-2016). They 

found much higher rates of treatment initiation (60%) and SVR (53%) than the HCV CoC 

studies carried out in the IFN-era, however linking individuals to appropriate care 

providers was shown to be a challenging barrier to achieving SVR (429).  
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Table 4.1: Summary of HCV mono-infected CoC studies 

Reference Country Stages Year Treatments 
Number of 
individuals† 

SVR, n (%) 

Anderson E et al. (430) USA 

Part 1: Detection 
Undiagnosed HCV infection 
Tested and HCV-ab positive 
Viral load performed 
Chronically infected 
Part 2: Treatment 
Chronically Infected* 
Follow-up arranged 
Follow-up attended 
Treatment initiated  
SVR 

May 2014 - Oct 2014 
IFN-free DAA 
regimen 

301 19 (6) 

Hajarizadeh B et al. 
(427) 

Australia 

Living with chronic HCV infection* 
Diagnosed living with chronic HCV infection 
Ever received HCV treatment 
HCV cured 

2014 
IFN-based  
(± DAA) 

230470 24750 (11) 

Hawks L et al. (431) USA 

Total patients 
AB + 
VL checked 
Chronic HCV* 
Referred 
Specialist evaluation 
Tx started 
Tx completed 
SVR 

Jul 09 - Sep 14 IFN-based  84 3 (4) 

Iversen J et al. (432) Australia 

PWID in Australia 
Screened for HCV antibody 
HCV antibody positive 
Confirmatory HCV RNA or genotype test 
HCV RNA positive or cured with treatment* 
Confirmatory HCV RNA or genotype test 
HCV specialist assessment 
HCV antiviral treatment 
Cured 

2015 IFN-based 43201 1391 (3) 

Janjua N et al. (433) Canada 
Estimated prevalence 
Antibody diagnosed 

>Dec 2012 IFN-based 30814 5197 (17) 
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HCV RNA tested (only included those 
positive)* 
Genotyped 
Treatment initiated 
Cured 

Machado S et al. (434) Brazil 

Blood donors anti-HCV+ 
Aware* 
Referred for consultation 
Attended by specialist 
Referred for therapy 
Initiated treatment 
SVR 
Lost follow-up 

1994 2012 IFN-based 631 133 (20) 

Maier M et al. (435) USA 

Chronic HCV (estimated)* 
Diagnosed with chronic HCV 
Linked to HCV care 
Treated with HCV antivirals 
Achieved SVR 

> Dec 2013 
IFN-based  
(± DAA) 

233898 15983 (7) 

Noska A et al. (436) USA 

Estimated No. of veterans with HCV 
infection* 
Diagnosed with chronic HCV 
Linked to HCV care 
Received HCV antiviral therapy 
Achieved SVR 

2015 
IFN-free DAA 
regimen 

32449‡ 5041 (16) 

188156§ 42878 (23) 

Simmons R et al. (437) UK 

Diagnosed anti-HCV positive 
RNA following anti-HCV result 
RNA positive* 
Ever treated 
SVR 

2005-2014 
IFN-based  
(± DAA) 

29557 3130 (11) 

Wade A et al. (438) Australia 

Referred to community hepatitis service 
Attended community hepatitis 
Diagnosed with chronic hepatitis C* 
Had a valid fibroscan 
Attended specialist appointment 
Commenced treatment 
Eligible for SVR assessment 
Obtained SVR 

Apr 2011 - Aug 2014 
IFN-based  
(± DAA) 

279 33 (12) 
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Yehia B et al. (428) USA 

Chronic HCV-infected (estimated)* 
Diagnosed and aware 
Access to outpatient care 
HCV RNA confirmed 
Underwent liver biopsy 
Prescribed HCV treatment 
Achieved SVR 

Jan 2003 - Jul 2013 IFN-based 3500000 326859 (9) 

Zuckerman A et al. 
(429) 

USA 

Referred* 
Evaluated 
Prescribed 
Approved 
Initiated 
Completed 
Achieved SVR 

Oct 2015 - Sep 2016 
IFN-free DAA 
regimen 

187 100 (53) 

* Stage used to determine SVR  
† See column “Stages” for stage used for denominator, identified with “*”  
‡ Homeless veterans 
§ Non-homeless veterans 
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4.1.1.2 HCV CoC among HIV co-infected individuals  

HIV/HCV co-infected individuals are considered a group with high priority for HCV 

therapy due to the increased speed of progression to liver disease compared to those 

with HCV mono-infection (382). However, they were previously considered to be a 

difficult to treat population due to reduced efficacy of treatment and drug interactions 

(227). However, the introduction of new effective and well tolerated direct-acting 

antivirals (DAAs) can lead to SVR in more than 90% of individuals co-infected with HIV 

(439) (see Chapter 5). Unfortunately, the benefits of the new and improved HCV 

treatment regimens will not be realised unless barriers to care and retention can be 

addressed. The CoC model is a very useful way to explore the impact of DAAs on 

transition through care, and to highlight where there are still gaps to ensure individuals 

are achieving SVR. While none of the steps in the HCV continuum of care are unique to 

HIV/HCV co-infected individuals, the optimal design of a continuum of care might be 

different for co-infected individuals already linked to specialist HIV care. However, 

proposed continuums for co-infected individuals use diverse methodology, therefore 

more work was required to develop a standardised continuum of care for HCV infected 

people living with HIV.  

 

There are not many HCV CoCs studies in individuals also living with HIV (Table 4.2). 

Cachay et al. investigated the HCV CoC among HIV positive individuals under care at a 

university hospital in the USA. Between 2008 and 2012, 96% of the 4725 HIV positive 

individuals in care were screened for HCV. While they reported very high HCV screening 

rates among the HIV positive individuals, only 16% of the 562 HCV-RNA positive 

individuals initiated treatment, and only 7% achieved cure. Tsui et al. explored the HCV 

continuum among HIV positive PWID (440). They included individuals from the Linking 

Infectious and Narcology Care (LINC) and Russia Alcohol Research Collaboration on 

HIV/AIDS (Russia ARCH) studies, however follow-up was limited, and treatment outcome 

was only available for individuals in the ARCH study. Of the 201 individuals included in 
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the ARCH study only 10 were treated, 5 of whom achieved SVR (2%). Saris et al. described 

the HCV CoC among co-infected individuals receiving care at two HIV clinics in 

Amsterdam during the DAA era (441). They included 255 individuals with chronic HCV, 

233 (91%) received DAA treatment, and 186 (73%) achieved SVR12 (441).  

 

From the three studies described above, it seems the proportion of individuals retained 

in the CoC has improved in the DAA-era compared to the IFN-era (73% SVR in DAA-era 

vs 7% and 2% SVR in IFN-era). The link between access to DAAs and increased retention 

in care leading to viral suppression was explored by Roberson et al. (442). They produced 

their HCV CoC among HIV positive individuals at two time-points, comparing the results 

in the IFN-era (2008-2013) and DAA-era (2014-2015) to explore how the CoC changed 

over time (442). During the IFN-era, only 5% of HCV-RNA positive individuals received 

treatment, and only 2% achieved cure. However, during the DAA era, they found that 

36% of individuals started HCV treatment and 31% achieved cure, highlighting that not 

only did treatment efficacy improve in the DAA era, but also the rate of treatment 

initiation.  
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Table 4.2: Summary of HCV CoC studies in HIV positive individuals  

Reference Country Stages Year Treatments 
Number of 
individuals† 

SVR, n 
(%) 

Cachay E et al. (443) USA 

Total number of patients followed at clinic 
Total number of patients who were screened for hepatitis C infection 
Total number of patients who had a reactive HCV serum antibody 
Active HCV infection by detectable HCV RNA* 
Referred for HCV treatment 
Attended at least 1 clinic visit for HCV treatment evaluation 
Final decision made regarding HCV therapy initiation 
Initiate HCV treatment 
HCV cure 

2008 - 2012 
IFN-based 
(± DAA) 

562 41 (7) 

Roberson J et al. 
(442) 

USA 

HCV diagnosis* 
Engagement in medical care 
HCV treatment 
SVR 

2008 - 2013 
IFN-based 
(± DAA) 

408 4 (1) 

2014 - 2015 
IFN-free 
DAA 
regimen 

300 93 (31) 

Saris J et al. (441) Holland 

Chronic HCV* 
Planned for DAA 
Started with DAA 
Virological outcome (only included those who achieved SVR12) 

2014 
IFN-free 
DAA 
regimen 

255 186 (73) 

Tsui J et al. (440) Russia 

HCV tested 
HCV diagnosed* 
HCV treatment status 
Was SVR achieved? 

Jul 2012 - Jul 2015 
IFN-based 
(± DAA) 

201† 5 (2) 

* Stage used to determine SVR 
† See column “Stages” for stage used for denominator, identified with “*”  
‡ Only included individuals from the ARCH study as there was insufficient FU to calculate SVR in the LINC study 
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4.1.1.3 Aims 

There were 4 main aims of this analysis: 

1) To establish a methodology for analysing the cross-sectional HCV continuum of 

care 

2) To apply this methodology to the EuroSIDA study to identify key points of clinical 

HCV management across Europe, with a focus on regional differences in 2015 and 

2017 (IFN-era and DAA era).  

3) To informally compare differences in the cross-sectional CoC between 1/1/2015 

and 1/1/2017 

4) To describe factors associated with being HCV-RNA tested once already anti-HCV 

positive as a key point in HCV management. 

 

4.1.1.4 What this analysis adds 

As can be seen in Table 4.2, there are very few studies describing the HCV continuum of 

care among HIV positive individuals. While the introduction of DAAs has improved the 

treatment landscape for all, including HIV co-infected individuals, the literature shows 

that individuals are still lost at every stage of the CoC. This analysis aims to initially assess 

the HCV CoC at 1/1/2015, before widespread access to DAA therapy (368). As described 

above, there were significant differences in the CoC in the IFN-and DAA-era. Therefore, 

the CoC methodology used was then repeated at 1/1/2017 after the uptake of DAAs 

increased in Europe, and was compared with the 1/1/2015 CoC. This will allow us to 

explore how the introduction of DAA therapy impacted the progression of individuals 

through the continuum. While a similar analysis has been carried out by Roberson et al., 

they only included data from one medical centre in Washington, USA (442). The HCV 

pandemic is heterogeneous across and within regions, carrying out this analysis in the 
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EuroSIDA study will allow us to include data from all over Europe, and explore regional 

differences. Table 4.2 shows that only one CoC study has been carried out in Eastern 

Europe which had limited data (440), therefore this analysis will allow us to explore the 

CoC in regions not previously well described. Also, HCV diagnosis is a crucial step in the 

HCV CoC to ensure movement into other stages of the CoC such as treatment and cure, 

however there are still many barriers to successful testing (227). There are many anti-

HCV positive individuals who do not receive a confirmatory HCV-RNA test, which is 

necessary to determine whether treatment is needed (444). Therefore, I explored which 

anti-HCV positive individuals were not HCV-RNA tested and unaware of the current HCV 

status, to better understand where to target interventions.  
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4.1.2 Methods 

 This analysis was based on data from the EuroSIDA D46 dataset. Cohort details and 

information on the collection of HCV data have been described in Chapter 2, Section2.2. 

 

4.1.2.1 Inclusion criteria  

There were 22825 individuals included in the D46 dataset, 12531 of whom were under 

follow-up (FU) up at 1/1/2015. I included all anti-HCV positive individuals who were 

under FU at the index date, defined as 1/1/2015 (last visit 1/1/2014 or later). Using this 

index date allows us to set the scene and understand the CoC prior to widespread access 

to DAA therapy in Europe (368). This analysis was then repeated at a later index date 

1/1/2017 to explore the impact of DAAs on the CoC. There were 12949 individuals under 

FU at 1/1/2017 (last visit 1/1/2016 or later) who were included in this analysis. Figure 4.2 

shows the number of individuals included in both the 2015 and 2017 cross-sectional CoC.  

 

Figure 4.2: Flowchart for inclusion in cross-sectional analysis 

 

Individuals under FU at 
1/6/2015 or later

N=12531

Anti-HCV tested

n=12299

Ever anti-HCV positive 

n=4621

Ever HCV-RNA positive

n=3537

Individuals under FU at 
1/6/2017 or later

N=12949

Anti-HCV tested

n=12845

Ever anti-HCV positive 

n=6175

Ever HCV-RNA positive

n=4965
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4.1.2.2 Definition of cross-sectional Continuum of Care stages 

The stages and definitions of the cross-sectional continuum of care are defined in Table 

4.3. Individuals who satisfied the inclusion criteria of being under follow-up and anti-HCV 

positive before 1/1/2015 were included in this analysis (stage 1). The number of anti-

HCV positive individuals who were HCV-RNA tested before the index date (stage 2) and 

currently HCV-RNA positive (stage 3) was then determined. The Stage 3 row of Table 4.3 

below describes how individuals with missing HCV-RNA test data were assessed to 

explore whether they were HCV-RNA positive. Those ever HCV-RNA positive prior to the 

index date were included in stage 4, the proportion of whom initiated treatment before 

the index date (stage 5), completed treatment before the index date (stage 6), had a 

follow-up HCV-RNA test after completing treatment (stage 7), and achieved cure (stage 

8) was also determined. SVR could only be assessed for those with a follow-up HCV-RNA 

test which was defined as an HCV-RNA negative result measured more than 12 or 24 

weeks (for IFN-free or IFN based regimens respectively) after stopping treatment. 

Depending on the denominator, the term ‘cure’ or ‘SVR’ was used. The term ‘cure’ was 

used to indicate the number of individuals with a negative HCV-RNA test at more than 

12 or 24 weeks post-treatment, among all individuals ever HCV-RNA positive. However, 

‘SVR’ was used to describe the same number, among those that have completed HCV 

treatment and had a follow-up HCV-RNA test for SVR assessment.  
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Table 4.3: Cross-sectional HCV continuum of care definitions 
Stage Definition 

Stage 1: Anti-HCV positive 
Anti-HCV positive test, HCV-RNA positive, HCV genotyped or received HCV 
treatment before index date 

Stage 2: Ever HCV-RNA tested 
HCV-RNA tested, HCV genotyped or received HCV treatment before index 
date 

Stage 3: Currently HCV-RNA 
positive 

Most recent HCV-RNA test before index date was positive, HCV genotyped 
but not treated before index date, started treatment for the first time after 
index date, or the first HCV-RNA test result after index date is positive and 
never treated 

  

Stage 4: Ever HCV-RNA positive 
HCV-RNA positive test, received HCV treatment or HCV genotyped before 
index date 

Stage 5: Ever received treatment Started HCV treatment on or before index date 

Stage 6: Treatment completed Completed HCV treatment on or before index date 

Stage 7: FU HCV-RNA available 
HCV-RNA test more than 12 or 24 weeks after completing treatment (for 
IFN-free and IFN-based therapy, respectively). HCV-RNA test data included 
for the duration of FU to allow for assessment of SVR 

Stage 8: Cured/SVR* 
HCV-RNA negative test at least 12 or 24 weeks post-treatment (for IFN-free 
and IFN-based therapy, respectively)  

*If denominator is ‘Ever HCV-RNA positive’ then described as cure, if denominator is ‘FU HCV-RNA available’ then 
described as SVR 

 

4.1.2.3 Variables included in this analysis 

The baseline variables used in the different analyses have been described below in Table 

4.4. 

 
Table 4.4: Definitions of baseline variables included analysis 

Variable Levels Definitions and comments 

Age (years) Continuous (per 1 year older) 
and categorised as ≤50 and >50 
years old 

 

Sex Male, female 
 

Region South, Central - West, North, 
Central - East, Eastern Europe 

Defined in Chapter 2 Section 2.2 

Ethnicity White, Global Majority, 
unknown 

 

HIV risk group MSM, PWID, heterosexual, and 
other 

‘Other' includes those with unknown risk group 

CD4 count (cells/mm3) Continuous and categorised as 
≤500, >500 (cells/mm3), and 
unknown 

Most recent measurement prior to index 
date/baseline (within one year), if not available then 
measurement up to 6 months after index 
date/baseline included  

CD4 nadir (cells/mm3) Continuous and categorised as 
≤50, 50-200, and >200 
(cells/mm3), and unknown 

Lowest CD4 count prior to index date/baseline, if not 
available then measurement up to 6 months after 
index date/baseline included  

HIV-RNA (cp/ml)  ≤500, >500, unknown Most recent measurement prior to index 
date/baseline (within one year), if not available then 
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measurement up to 6 months after index 
date/baseline included 

AIDS-defining event Yes, no Defined using CDC's 1993 definition (421) 

nADI Yes, no Non-AIDS defining malignancy, cardiovascular 
disease, end-stage liver disease, end-stage renal 
disease, pancreatitis (422) 

Fibrosis F0/1, F2, F3, F4, unknown and 
<F3, ≥F3* 

Determined by either a biopsy, FibroScan, APRI, or 
plasma hyaluronic acid levels measured 1 year prior 
to baseline 

HCV genotype G1, G2, G3, G4, unknown, and 
G1, other/unknown 

 

On cART Yes, no Individual on cART (≥3 drugs) treatment at baseline 

Prior HCV treatment Yes, no Individual received any HCV treatment prior to 
regimen included in analysis 

Year of enrolment  <2016, ≥2016 Date individual was enrolled in EuroSIDA study 

HBV infection Yes, no, unknown Defined using HBsAg surface antigen test or HBV 
DNA 

*Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 
(>160ng/mL)  
 

 

4.1.2.4 Statistical analysis 

4.1.2.4.1 Baseline characteristics 

Baseline characteristics of individuals included in the 2015 cross-sectional analysis were 

described, and were based on the most recent measurement prior to the index data 

(1/1/2015). If an individual did not have a CD4 count or HIV-RNA value within 12 months 

prior to baseline, then a value up to 6 months after baseline was included instead. 

Fibrosis stage was defined using a consensus definition (225) and was determined based 

on the most reliable fibrosis marker measured within one year prior to the index 

date/baseline. The most reliable fibrosis marker was considered to be a biopsy result, 

followed by a Fibroscan result, an APRI score then finally a plasma hyaluronic acid level. 

Information on how fibrosis data is collected and defined in EuroSIDA has been described 

in Chapter 2, Section 2.2.7 (245). Categorical characteristics were described with 

numbers and percentages and numerical variables were described with medians and 

interquartile ranges. Regional differences in baseline characteristics were compared 

using chi-squared and Kruskal-Wallis tests for categorical and continuous variables, 

respectively.  



159 
 

4.1.2.4.2 Continuum of Care 

The percentage of individuals at each stage of the CoC was described at both the 2015 

and 2017 index date. The overall change in the percentage of people at each stage 

between the 2 index dates was then described. The change between the 2015 and 2017 

CoC within each region was also described.  

 

4.1.2.4.3 Factors associated with HCV-RNA testing 

We wanted to explore which individuals in the cross-sectional CoC had a follow-up HCV-

RNA test after being diagnosed as anti-HCV positive. Therefore, logistic regression was 

used to identify predictors of being HCV-RNA tested (Ever HCV-RNA tested (Stage 2) 

compared to those who were not tested). Variables found to be significant in univariable 

analysis (p<0.1) were included in the multivariable model. As regional difference in the 

continuum was one of the main research questions, it was included in the multivariable 

model a priori. 

 

SAS 9.4 was used for all analyses (version 9.4; SAS Institute, Cary, North Carolina, USA). 
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4.1.3 Results  

Different individuals were included in each analysis, this has been summarised below in 

Table 4.5 

 

Table 4.5: Description of individuals included in each analysis 

Section Analysis n included 

4.1.3.1 Baseline characteristics of 
individuals included in 2015 CoC analysis 

Description of individuals eligible 4621 

4.1.3.2 Continuum of care: index date 
1/1/2015 

Description of CoC at 1/1/2015 4621 

 Comparison of regional difference 4621 

4.1.3.3 Predictors of HCV-RNA testing Odds of being HCV-RNA tested (vs not tested) 3614 vs 1007 

4.1.3.4 Continuum of care: index date 
1/1/2017 

Description of CoC at 1/1/2017 6175 

 Comparison of regional difference 6175 

 Comparison with 2015 CoC 4621 vs 6175 

 

4.1.3.1 Baseline characteristic of individual included in analysis 

Among 12531 HIV positive individuals under follow-up in EuroSIDA at the index date 

(1/1/2015), 12299 (98.6%) had been tested for anti-HCV. Of those anti-HCV tested, 4621 

(37.6%) were anti-HCV positive (Stage 1) and included in these analyses. Of the 4621 

anti-HCV positive individuals, 1311 (28.4%) were from Southern Europe, 1018 (22.0%) 

from Central-West, 552 (11.9%) from Northern, 665 (14.4%) from Central-East, and 1075 

(23.3%) from Eastern Europe. Overall and regional characteristics of individuals who 

were anti-HCV positive and included in the analysis are shown in Table 4.6. There were 

significant differences (p<0.001) between regions for all characteristics in Table 4.6. The 

overall study population was mostly male (68.8%), ranging from 60.3% in Eastern Europe 

to 73.7% in Northern Europe. The median age was 47 years old (interquartile range [IQR]: 

39-53), with a median age of 52 (IQR: 47-56) in Central-West and a younger median age 

of 37 (IQR: 33-41) in Eastern Europe. The most common route of HIV transmission route 

was injection drug use (IDU) in all regions (58.1% overall), however the highest 

proportion was in Eastern Europe (70.1%). Over 90% of individuals in from South, 
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Central-West, and Northern Europe had an HIV viral load <500 cp/ml, however only 

85.9% and 50.9% of individuals were virally suppressed in Central-East and Eastern 

Europe (respectively). The median CD4 cell count was highest in Central-Western Europe 

(614 cells/mm3 IQR: 427-816) and lowest in Eastern Europe (432 cells/mm3 IQR: 290-

600).  

 

4.1.3.1.1 HCV genotype and fibrosis measurement 

Of the 4621 individuals who were anti-HCV positive before 1/1/2015, 3567 (77.2%) had 

a liver fibrosis marker a maximum of 1 year before the index date (Figure 4.3). The 

majority of liver marker results were based on an APRI score (81.0%) followed by 

FibroScan (17.7%), and liver biopsy (1.3%). Central-Western Europe had the highest 

proportion of individuals with a fibrosis marker (86.6%) while Northern Europe had the 

lowest (56.3%). Of those with a fibrosis marker, 16.4% had advanced fibrosis or cirrhosis 

(METAVIR ≥F3). The burden of ≥F3 fibrosis ranged from 14.3% in Central-Eastern Europe 

to 20.6% in Northern Europe. Overall, 61.6% of those included in this analysis had been 

genotyped. Over 65% of individuals were genotyped from each region, except Eastern 

Europe where only 36.8% of individuals were genotyped. Genotype 1 was the most 

common genotype overall (53.6%) and in all regions, however 60.8% of individuals from 

Central-Eastern Europe had genotype 2-4. 
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Table 4.6: Characteristics of anti-HCV positive individuals included in 2015 cross-sectional analysis, overall and by region 

 
 
Overall 

Overall South Central - West North Central - East East 

n (%) 

4621 (100.0) 1311 (28.4) 1018 (22.0) 552 (11.9) 665 (14.4) 1075 (23.3) 

Sex 
Male 3180 (68.8) 934 (71.2) 737 (72.4) 407 (73.7) 454 (68.3) 648 (60.3) 

Female 1441 (31.2) 377 (28.8) 281 (27.6) 145 (26.3) 211 (31.7) 427 (39.7) 

Ethnicity 

White 4215 (91.2) 1227 (93.6) 859 (84.4) 400 (72.5) 656 (98.6) 1073 (99.8) 

Global majority 99 (2.1) 17 (1.3) 53 (5.2) 28 (5.1) 1 (0.2) #VALUE! 

Unknown 307 (6.6) 67 (5.1) 106 (10.4) 124 (22.5) 8 (1.2) 2 (0.2) 

HIV risk group 

MSM* 729 (15.8) 192 (14.6) 246 (24.2) 178 (32.2) 93 (14.0) 20 (1.9) 

PWID† 2684 (58.1) 792 (60.4) 441 (43.3) 258 (46.7) 439 (66.0) 754 (70.1) 

Heterosexual 825 (17.9) 222 (16.9) 167 (16.4) 75 (13.6) 82 (12.3) 279 (26.0) 

Other 383 (8.3) 105 (8.0) 164 (16.1) 41 (7.4) 51 (7.7) 22 (2.0) 

HIV-RNA (cp/ml) 

≤500 3740 (80.9) 1192 (90.9) 911 (89.5) 519 (94.0) 571 (85.9) 547 (50.9) 

>500 443 (9.6) 33 (2.5) 35 (3.4) 20 (3.6) 56 (8.4) 299 (27.8) 

Unknown 438 (9.5) 86 (6.6) 72 (7.1) 13 (2.4) 38 (5.7) 229 (21.3) 

AIDS event 
No 3311 (71.7) 940 (71.7) 683 (67.1) 429 (77.7) 514 (77.3) 745 (69.3) 

Yes 1310 (28.3) 371 (28.3) 335 (32.9) 123 (22.3) 151 (22.7) 330 (30.7) 

Non-ADI‡ 
No 4082 (88.3) 1114 (85.0) 834 (81.9) 475 (86.1) 628 (94.4) 1031 (95.9) 

Yes 539 (11.7) 197 (15.0) 184 (18.1) 77 (13.9) 37 (5.6) 44 (4.1) 

Fibrosis§ 

F0/1 2878 (62.3) 835 (63.7) 721 (70.8) 230 (41.7) 469 (70.5) 623 (58.0) 

F2 103 (2.2) 42 (3.2) 32 (3.1) 17 (3.1) 9 (1.4) 3 (0.3) 

F3 206 (4.5) 62 (4.7) 49 (4.8) 20 (3.6) 31 (4.7) 44 (4.1) 

F4 380 (8.2) 133 (10.1) 80 (7.9) 44 (8.0) 49 (7.4) 74 (6.9) 

Unknown 1054 (22.8) 239 (18.2) 136 (13.4) 241 (43.7) 107 (16.1) 331 (30.8) 

HCV genotype 

G1 1524 (33.0) 529 (40.4) 388 (38.1) 229 (41.5) 171 (25.7) 207 (19.3) 

G2 84 (1.8) 15 (1.1) 27 (2.7) 28 (5.1) 4 (0.6) 10 (0.9) 

G3 821 (17.8) 235 (17.9) 162 (15.9) 97 (17.6) 148 (22.3) 179 (16.7) 

G4 416 (9.0) 167 (12.7) 106 (10.4) 30 (5.4) 113 (17.0) #VALUE! 

Unknown 1776 (38.4) 365 (27.8) 335 (32.9) 168 (30.4) 229 (34.4) 679 (63.2) 

On cART 
No 703 (15.2) 191 (14.6) 117 (11.5) 44 (8.0) 68 (10.2) 283 (26.3) 

Yes 3918 (84.8) 1120 (85.4) 901 (88.5) 508 (92.0) 597 (89.8) 792 (73.7) 

Prior HCV treatment No 2979 (64.5) 701 (53.5) 593 (58.3) 357 (64.7) 463 (69.6) 865 (80.5) 
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Yes 1642 (35.5) 610 (46.5) 425 (41.7) 195 (35.3) 202 (30.4) 210 (19.5) 

HBV infection 

No 3887 (84.1) 1121 (85.5) 881 (86.5) 430 (77.9) 552 (83.0) 903 (84.0) 

Yes 320 (6.9) 77 (5.9) 85 (8.3) 41 (7.4) 56 (8.4) 61 (5.7) 

Unknown 414 (9.0) 113 (8.6) 52 (5.1) 81 (14.7) 57 (8.6) 111 (10.3) 
  Median (IQR) 

Age (years) 47 (39-53) 50 (46-54) 52 (47-56) 51 (46-56) 41 (35-47) 37 (33-41) 

CD4 count (cells/mm3) 544 (376-760) 600 (416-815) 614 (427-816) 560 (402-788) 525 (369-723) 432 (290-600) 

CD4 nadir (cells/mm3) 158 (74-253) 163 (72-258) 146 (60-233) 156 (70-247) 156 (66-255) 171 (93-270) 

Evidence of regional differences for all variables (p<0.0001) 
*MSM: Men who have sex with men, †PWID: People who inject drugs  
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal disease, pancreatitis 
§Determined by either a biopsy, FibroScan, APRI, or plasma hyaluronic acid levels 
n with CD4 count =4300, n with CD4 nadir =4603 
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Figure 4.3: Liver fibrosis and HCV genotype, by region 

 
*Calculated as a percentage of individuals with a fibrosis marker 

 

4.1.3.2 Continuum of care: index date 1/1/2015 

Of the 4621 anti-HCV positive individuals who were included in this analysis, 3839 

(83.1%) were HCV-RNA tested and 2341 (50.7%) were HCV-RNA positive at the index 

date 1/1/2015 (Figure 4.4.a). There were 3537 individuals with confirmed current or 

past positive HCV-RNA prior to 1/1/2015, among which 1642 (46.4%) had started HCV 

treatment, 1551 (43.9%) had completed HCV treatment, and 1357 (38.4%) had an 

HCV-RNA test result after completing treatment (allowing for SVR assessment) 

(Figure 4.4.b). Although 43.9% of all HCV-RNA positive individuals had completed HCV 

treatment, only 795 (22.5%) of the entire HCV-RNA positive population had 

confirmed HCV cure. However, 194/1551 (12.5%) of all who had completed 

treatment had missing follow-up HCV-RNA for SVR assessment. The proportion of 

individuals with SVR, of those that could have SVR assessed, was 58.6% (795 

individuals). Of all the individuals who started HCV treatment, 62.6% received 

IFN+RBV, 6.7% IFN+DAA regimens, and 30.7% received IFN-free DAA regimens. The 

majority of individuals eligible for SVR assessment received an IFN-based regimen 

(84.7%) and had genotype 1 or 4 (65.7%), which is harder to treat with IFN-based 

regimens. 
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4.1.3.2.1 Regional differences in the continuum of care 

There were significant differences between regions at each stage of the continuum 

(p<0.0001). The proportion of anti-HCV positive individuals who were HCV-RNA 

tested was >85% in South, Central-West, Northern, and Central-Eastern Europe, and 

much lower in Eastern Europe (52.6%). The proportion of individuals who had not 

started treatment after a positive HCV-RNA test result was consistently high across 

all regions. The proportion of ever HCV-RNA positive individuals who completed 

treatment ranged from 52.9% (589/1113) in Southern Europe to 31.6% (183/579) in 

Eastern Europe, while the proportion of individuals that completed treatment with a 

follow-up HCV-RNA test 12 or 24 weeks after completing treatment ranged from 

75.4% (138/183) in Eastern Europe to 91.4% (171/187) in Northern Europe. There 

were also large regional differences in the proportion of ever HCV-RNA positive 

individuals with a confirmed cure, ranging from 13.8% in East and 16.5% in Central-

Eastern Europe, to >25% in North, Central-West, and Southern Europe. Among 

individuals with a FU HCV-RNA test, Northern Europe also had the highest proportion 

of individuals who had received a DAA (IFN-free) treatment (15.8%). No individuals in 

Central-East or Eastern Europe received IFN-free regimens. 
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Figure 4.4: Cross-sectional HCV continuum of care at 1/1/2015, by region 

  

  
The figure shows the diagnostic (Figure 4.4.a) and treatment (Figure 4.4.b) stages of the continuum of HCV care 
among HIV/HCV co-infected individuals in different geographical regions of Europe. Overall values for each 
stage of the continuum are shown above each stage, with percentages in parenthesis. Chi-squared test provides 
evidence of regional difference at all stages (p<0.0001) 
†Individuals who had a FU HCV-RNA test at least 12 or 24 weeks after completing treatment (for IFN-free and 
IFN-based therapy, respectively 

4621 (100)
3839 (83)

2341 (51)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Stage 1: Anti-HCV positive Stage 2: Ever HCV-RNA tested Stage 3: Currently HCV-RNA
positive

Region (n anti-HCV positive)

South  (1311) Central - West (1018) North (552) Central - East (665) East (1075)

4.4.a

3537 (100)

1642 (46) 1551 (44)

1357 (38)

795 (22)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Stage 4: Ever HCV-
RNA positive

Stage 5: Ever
received treatment

Stage 6: Treatment
completed

Stage 7: FU HCV-
RNA available†

Stage 8: Cured

Region (n ever HCV-RNA positive)

South  (1113) Central - West (834) North (465) Central - East (546) East (579)

4.4.b



167 
 

4.1.3.3 Predictors of being HCV-RNA tested 

The odds of ever being HCV-RNA tested was assessed among all individuals included 

(4162 anti-HCV positive individuals). In univariable analysis being over 50 years old 

[odds ratio (OR)=3.51, 95% confidence interval (CI) 2.89-4.27], from Central-West or 

Northern Europe (compared to Southern Europe) [OR=1.98, 95% CI=1.39-2.83 and 

OR=1.54, 95% CI=1.02-2.32, respectively], having contracted HIV through PWID or 

heterosexual transmission (compared to MSM) [OR=2.09, 95% CI=1.59-2.73 and 

OR=3.46, 95% CI=2.58-4.65], having a CD4 count >500 cells/mm3 [OR=2.13, 95% 

CI=1.80-2.53], a non-ADI [OR=2.77, 95% CI=1.99-3.86], and current cART usage 

[OR=1.83, 95% CI=1.51-2.21] were found to increase the odds of being HCV-RNA 

tested. Conversely being female [OR=0.86, 95% CI=0.73-1.01], from Central-East, or 

Eastern Europe [OR=0.62, 95% CI=0.46-0.83 and OR=0.10, 95% CI=0.08-0.13, 

respectively], having a HIV viral load >500 cp/ml [OR=0.17, 95% CI=0.14-0.21], and 

having an AIDS event [OR=0.61, 95% CI=0.52-0.72] were found to decrease the odds 

of being HCV-RNA tested. CD4 nadir, liver fibrosis, HCV genotype, and HBV co-

infection were not found to impact the odds of being HCV-RNA tested. There were 

not enough individuals from the Global Majority to explore the impact of ethnicity on 

HCV-RNA testing. 

 

Variables found to be associated with being HCV-RNA tested in the univariable 

analysis were included in the multivariable model (Figure 4.5). After adjustment, 

living in Central-West [adjusted odds ratio (aOR)=2.19, 95% CI=1.52-3.17], having 

contracted HIV through PWID transmission [aOR=1.49, 95% CI=1.09-2.05], having a 

CD4 count >500 cells/mm3 [aOR=1.33, 95% CI=1.10-1.62], and having a non-ADI 

[aOR=1.59, 95% CI=1.10-2.31] were found to increase the odds of being HCV-RNA 

tested. Factors found to reduce the odds of being HCV-RNA tested included living in 

Central-East and Eastern Europe [aOR=0.61, 95% CI=0.44-0.83 and aOR=0.13, 95% 

CI=0.10-0.17 respectively], undetectable HIV viral load [aOR=0.50, 95% CI=0.39-0.64], 

and having a prior AIDS event [aOR=0.53, 95% CI=0.44-0.64]. After adjustment age, 

and sex were not found to have an association with being HCV-RNA tested. While 
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cART usage was significant in the univariable analysis, it was excluded from the 

multivariable model due to collinearity with HIV-RNA.  

 

Figure 4.5: Factors associated with being HCV-RNA tested 

 
Logistic regression model was also adjusted for unknown CD4 count and unknown HIV-RNA 
*MSM: Men who have sex with men, †PWID: People who inject drugs 
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal 
disease, pancreatitis 
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4.1.3.4 Continuum of care: index data 1/1/2017 

The CoC analysis was repeated at the index date of 1/1/2017 and included 6175 

individuals who were under FU and anti-HCV positive at 1/1/2017. Of those anti-HCV 

positive, 5423 (87.8%) were ever HCV-RNA tested and 2205 (35.7%) were currently 

HCV-RNA positive (Figure 4.6.a). There were 4965 individuals who were ever HCV-

RNA positive, of whom 3025 (60.9%) ever received treatment, 2931 (59.0%) 

completed treatment, 2623 (52.8%) had a FU HCV-RNA test available, and 2092 

(42.1%) were cured (Figure 4.6.b). Of those with a FU HCV-RNA test available, 79.8% 

(2092/2623) of individuals had achieved SVR. Most individuals with a FU HCV-RNA 

test were treated with IFN (n=1395, 53.2%), followed by DAAs (n=1053, 40.1%), and 

IFN + DAA regimens (n=175, 6.7%). There were 5126 (83.0%) anti-HCV positive 

individuals who had a liver fibrosis marker, 10.7% of whom had fibrosis stage F3 or 

F4. Of those HCV-RNA positive, 80.0% of individuals were HCV genotyped. 

 

4.1.3.4.1 Regional differences in the continuum of care 

Figure 4.6 shows the regional differences at each stage of the CoC at index date 

1/1/2017. Similarly to the 1/1/2015, there was evidence of regional differences at 

each stage of the continuum (p<0.0001). The proportion of individuals tested for 

HCV-RNA in South, Central-West and Northern Europe was >90%, however was only 

80.3% in Central-East and 56.0% in Eastern Europe. The proportion of individuals who 

were currently HCV-RNA positive was highest in Central-Eastern Europe (49.9%) and 

lowest in Central-Western Europe (25.3%). Treatment was initiated in 74.0% of 

individuals in Central-Western Europe and only 42.6% in Eastern Europe. The 

proportion of individuals who did not complete treatment was around 2% across all 

regions. Among individuals who did complete HCV treatment, around 82% of 

individuals in Central-East and Eastern Europe had a FU HCV-RNA result available, 

compared to over 88% in Southern, Central-West, and Northern Europe. The 

proportion of individuals cured was lowest in East (22.4%) and Central-Eastern 

Europe (22.9%), and highest in Central-West (56.7%). SVR rates were also lowest in 

East and Central-East (67.3% and 68.2%), and highest in Central-West (89.0%). 
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However, the proportion of individuals with a FU HCV-RNA test who were treated 

with IFN-free DAAs was highest in North (48.5%), Central-West (46.7%), and Southern 

Europe (44.0%) and lower in Central-East (20.1%) and Eastern Europe (13.3%).  
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Figure 4.6: Cross-sectional HCV continuum of care at 1/1/2017, by region 

 

 
The figure shows the diagnostic (Figure 4.6.a) and treatment (Figure 4.6.b) stages of the continuum of HCV care 
among HIV/HCV co-infected individuals in different geographical regions of Europe. Overall values for each 
stage of the continuum are shown above each stage, with percentages in parenthesis. Chi-squared test provides 
evidence of regional difference at all stages (p<0.0001) 
†Individuals who had a FU HCV-RNA test at least 12 or 24 weeks after completing treatment (for IFN-free and 
IFN-based therapy, respectively 
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4.1.3.4.2 Comparison with 2015 CoC 

Figure 4.7 shows the 2015 CoC compared with the 2017 CoC, where the denominator 

is calculated based on the total number of individuals included at each index date. 

Overall. the proportion of individuals transitioning to the next stage improved in 

2017. In 2015, 83.1% of individuals of those anti-HCV positive were HCV-RNA tested, 

however this increased to 87.8% in 2017. The prevalence of being HCV-RNA positive 

at the index date decreased by 15.0% over 2 years (from 50.7% in 2015 to 35.7% in 

2017). The percentage of ever HCV-RNA positive individuals who started treatment 

and completed treatment increased from 46.4% in 2015 to 60.9% in 2017 and 43.9% 

in 2015 to 59.0% in 2017, respectively. The largest improvement in the CoC was the 

percentage of individuals who were cured, which went from 22.5% to 42.1% between 

2015 and 2017. The rate of SVR was also higher in 2017 (79.8%) compared to 2015 

(58.6%). This improvement in the SVR rate corresponds to the increase in the 

proportion of individuals with a FU HCV-RNA test that received an IFN-free DAA 

regimen (6.6% vs 40.1%).  

 

The proportion of anti-HCV positive individuals with a liver fibrosis mark within a year 

of the index date was higher at index date 1/1/2017 compared to 1/1/2015 (83.0% 

vs 77.2%), however, the proportion of those with fibrosis stage ≥F3 was higher in 

2015 (16.4%) compared to 2017 (10.7%). The proportion of HCV-RNA positive 

individuals who were genotyped was similar at both index dates (81.4% at 1/1/2015 

and 80.6% at 1/1/2017). 
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Figure 4.7: Cross-sectional HCV continuum of care, by index date 

 

 
The figure shows the diagnostic (Figure 4.7.a) and treatment (Figure 4.7.b) stages of the continuum of HCV care 
among HIV/HCV co-infected individuals at different index dates. n included in each stage of the continuum is 
shown above each bar, with percentages in parenthesis.  
†Individuals who had a FU HCV-RNA test at least 12 or 24 weeks after completing treatment (for IFN-free and 
IFN-based therapy, respectively. 
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4.1.3.4.3 Comparison with 2015 CoC, by region 

Table 4.8 shows the comparison between the 2015 and 2017 CoC for each region. 

This table shows that there were improvements over time across all regions. The 

largest improvement in HCV-RNA testing was in Eastern Europe, as they increased 

from 52.6% tested to 62.5% tested. However, the proportion in Eastern Europe is still 

low compared to other regions, where at least 87% of individuals were HCV-RNA 

tested in both 2015 and 2017. There was an absolute decrease of 24.6% and 23.9% 

in and Central-West and Southern Europe (respectively) in the percentage of 

individuals currently HCV-RNA positive, however this increased slightly in Eastern 

Europe (2.7%). There was a 22.9%, 17.7% and 15.3% absolute increase in the 

proportion of ever HCV-RNA positive individuals who received HCV treatment in 

Central-West, North, and Southern Europe. However, the percentage of ever HCV-

RNA positive individuals who started treatment in Central-East and Eastern Europe 

only increased by around from around 37% in 2015 to 42% in 2017. There was a 29.8% 

increase in the proportion of individuals who were cured in Central-West (2015: 

27.0%, 2017: 56.7%), however this was not as high in Central-East and Eastern Europe 

where there was only a 6.3% and 8.4% increase, respectively.  
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Table 4.7: Cross-sectional HCV continuum of care, by index date and region 

Region Year 
Stage 1: Anti-
HCV positive 

Stage 2: Ever 
HCV-RNA tested 

Stage 3: 
Currently HCV-
RNA positive 

Stage 4: Ever 
HCV-RNA 
positive 

Stage 5: Ever 
received 

treatment 

Stage 6: 
Treatment 
completed 

Stage 7: FU HCV-
RNA available† 

Stage 8: Cured 

  n (%) 

Overall 2015 4621 (100.0) 3839 (83.1) 2341 (50.7) 3537 (100.0) 1642 (46.4) 1551 (43.9) 1357 (38.4) 795 (22.5) 

2017 6175 (100.0) 5423 (87.8) 2205 (35.7) 4965 (100.0) 3025 (60.9) 2931 (59.0) 2623 (52.8) 2092 (42.1) 

South 2015 1311 (100.0) 1201 (91.6) 734 (56.0) 1113 (100.0) 610 (54.8) 589 (52.9) 517 (46.5) 279 (25.1) 

2017 1685 (100.0) 1605 (95.3) 540 (32.0) 1473 (100.0) 1033 (70.1) 1004 (68.2) 913 (62.0) 732 (49.7) 

Central - West 2015 1018 (100.0) 973 (95.6) 508 (49.9) 834 (100.0) 425 (51.0) 400 (48.0) 363 (43.5) 225 (27.0) 

2017 1407 (100.0) 1375 (97.7) 356 (25.3) 1211 (100.0) 895 (73.9) 874 (72.2) 792 (65.4) 687 (56.7) 

North 2015 552 (100.0) 521 (94.4) 289 (52.4) 465 (100.0) 195 (41.9) 187 (40.2) 171 (36.8) 121 (26.0) 

2017 892 (100.0) 862 (96.6) 329 (36.9) 776 (100.0) 463 (59.7) 445 (57.3) 406 (52.3) 333 (42.9) 

Central - East 2015 665 (100.0) 579 (87.1) 378 (56.8) 546 (100.0) 202 (37.0) 192 (35.2) 168 (30.8) 90 (16.5) 

2017 843 (100.0) 738 (87.5) 432 (51.2) 678 (100.0) 286 (42.2) 275 (40.6) 234 (34.5) 155 (22.9) 

East 2015 1075 (100.0) 565 (52.6) 432 (40.2) 579 (100.0) 210 (36.3) 183 (31.6) 138 (23.8) 80 (13.8) 

2017 1348 (100.0) 843 (62.5) 578 (42.9) 827 (100.0) 348 (42.1) 333 (40.3) 278 (33.6) 185 (22.4) 
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4.1.4 Discussion  

Section 4.1 of this chapter describes the HCV CoC among HIV positive individuals 

using the cross-sectional methodology. I propose an eight-stage cross-sectional HCV 

continuum of care for HIV/HCV co-infected individuals, which would allow cross-

study comparisons for access and outcomes of HCV treatment in HIV/HCV co-infected 

individuals. There were 4621 individuals from across Europe co-infected with HIV and 

HCV at 1/1/2015 who were included in this analysis, and there were major gaps at all 

stages of the HCV CoC. There were also significant disparities between the different 

regions in Europe at each stage of the continuum, with South, Central-West and 

Northern Europe generally performing better than Central-East and Eastern Europe. 

Less than half of those chronically infected had initiated anti-HCV therapy and only 

22.5% had a documented HCV cure, which is partly attributable to the lack of 

effective HCV therapy available at the time. The CoC was also described at 1/1/2017 

and showed improvements in the proportion of individuals with a known HCV-RNA 

status, treated, and cured compared to the 2015 CoC. This provides evidence that the 

transition of individuals through the continuum has improved over time, as the 

proportion of individuals lost at each stage was lower in 2017. A comparison between 

the 2015 CoC and the 2017 CoC was also done for each region which showed 

improvements in all regions. However, while improvements in HCV-RNA testing was 

highest in Eastern Europe, improvements in treatment uptake and SVR was lower in 

Central-East and Eastern Europe. 

 

4.1.4.1 Importance of standardised cross-sectional CoC 

Lourenço et al. make the case for a standardised HIV continuum based on 

inconsistencies found in continuums from the USA, Canada, France, and Denmark 

(445). For example, while all reported viral suppression, the definitions varied greatly 

meaning cross-study comparisons, an essential tool for monitoring, were not feasible 

(445). The differences highlight the importance of a standardised continuum if 

comparisons with different populations and time-points are to be made confidently 

or if the impact of public health programs are to be measured (445). While this point 
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was emphasised in the HIV continuum, it also stands in the HCV context. Although 

there were eight stages in this continuum, more or fewer stages could be included 

depending on the setting. However, it is important to ensure key indicators around 

diagnosis, treatment, and cure are included to monitor progress towards the WHO 

2030 goals for elimination of viral hepatitis as a public health threat (227).  

 

Since the development of the methodology presented in this chapter to describe the 

cross-sectional HCV CoC, Safreed et al. published a consensus HCV cascade of care in 

2019 (446). It was developed by a study group including clinicians, epidemiologists, 

and public health experts from Europe, North America and Australia. They included 

4 stages in the cascade, infected, diagnosed, treated, and cured (446). The CoC was 

proposed to provide consistent reporting and monitoring of progress towards the 

WHO goal of HCV elimination by 2030 (227). They piloted their CoC methodology in 

Denmark, Norway, and Sweden using 2017 data. They reported that 44% of infected 

people were diagnosed in Denmark, compared to 70% and 80% of individuals 

diagnosed in Norway and Sweden (respectively). Among those diagnosed, 18% were 

treated in Norway, 8% in Sweden, and 5% in Denmark. While these findings are 

dissimilar from the 2017 CoC findings from Northern Europe presented in this chapter 

(57% ever received HCV treatment), the populations and definitions used differ, so it 

is not possible to make direct comparisons. This analysis only includes HIV/HCV co-

infected individuals, however they were looking at all individuals with HCV. Also, I 

include individuals who received treatment at any point prior to 2017, while they only 

included individuals treated during 2017. They found significant differences between 

the CoC in Denmark, Norway, and Sweden, highlighting the intraregional difference 

in the HCV epidemic, which I was unable to explore.  

 

4.1.4.2 Definition of stages  

The consensus HCV CoC mainly differed from the CoC presented in this chapter 

because it included an initial stage estimating the prevalence of HCV in the 
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population (446). This is useful to determine the proportion of HCV positive 

individuals who have not been diagnosed. As well as not estimating the undiagnosed 

population, it was not possible to include an accurate measure of ‘engagement in 

care’, which other HIV/HCV co-infection continuums have estimated (442). This 

would be helpful to understand whether patients are not transitioning through the 

stages due to a lack of engagement or failures in health structures so that 

interventions and resources can be targeted at the appropriate area. Other 

descriptions of HCV continuums published prior to the consensus HCV CoC also 

included information that was beyond the scope of this analysis. For example, 

Hajarizadeh et al. also include an estimate for the number of people living with HCV 

in Australia and were therefore able to provide an estimate of the proportion of 

individuals living with HCV who were undiagnosed (25%) (427). However, they did 

not include information on individuals’ engagement in care (427). The Austrian HIV 

Cohorts Study developed a continuum with similar stages to the continuum 

presented in this paper (447). While they also did not estimate the number of people 

living with HCV, their definition of SVR allowed them to capture reinfections (447). 

Cachay et al. included stages in their continuum around engagement in care; 

however, their continuum is based on data from a single clinic, and they also did not 

include an estimate of the number of people living with HCV (443). However, the 

cross-sectional continuum proposed in this thesis has some advantages over other 

descriptions of the HCV CoC, such as including information on the proportion of 

individuals who completed HCV treatment and the proportion of individuals who 

were followed-up after stopping treatment, which provides insight into whether poor 

of engagement with care is the potential reasons for not achieving SVR. 

 

4.1.4.3 HCV-RNA testing  

Approximately 1 in 5 anti-HCV positive individuals had no documented HCV-RNA test. 

This was explored using logistic regression, and after adjustment, those from Central-

East or Eastern Europe were found to have a lower odds of being tested compared 

to those from Southern Europe. PWID, individuals with a CD4 count >500 cells/mm3, 
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and individuals with a non-ADI were also more likely to be tested, while individuals 

with a HIV-RNA >500 (cp/ml) and those with an AIDS event were less likely to be HCV-

RNA tested. An HCV-RNA test is relatively expensive (448), and it is possible that in 

some settings HCV-RNA testing is primarily targeted at individuals where HCV 

treatment is considered. By 2017 the proportion of individuals HCV-RNA tested 

increased to 88%, which indicated there have been some improvements in HCV 

diagnosis among HIV positive individuals between 2015 and 2017.  

 

4.1.4.4 HCV treatment  

Among patients known to be HCV-RNA positive, the proportion who had received 

HCV treatment was highest in Southern and Central-Western Europe and lower in 

other regions. Although the proportion treated in Northern Europe was similar to 

Central-East and Eastern Europe, fewer people had been HCV-RNA tested in Central-

East and Eastern Europe. Although I focused on which stages might be needed in a 

hepatitis C continuum, it is worth noting that, for descriptive purposes, this 

continuum is based at January 2015, before the widespread introduction of DAAs. In 

the IFN-era, therapy was often deferred due to contraindications, toxicities, and low 

efficacy (449). Alcohol consumption, current injecting drug use and having a pre-

existing psychiatric illness have been identified as the main reasons for not initiating 

HCV treatment, however, there is a lack of evidence to support excluding patients 

because of potentially poorer treatment outcomes, with treatment adherence better 

predicting SVR (450). Between the 2015 and 2017 CoC, there was a 15% increase in 

the proportion of ever HCV-RNA positive individuals who ever received HCV 

treatment. However, there are still challenges in the DAA-era, while The European 

Association for the Study of the Liver (EASL) guidelines for treating HCV recommends 

the prioritisation of HCV therapy for those with advanced liver fibrosis or from high-

risk groups (359), access to treatment is still low in some countries due to high drug 

prices.  
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4.1.4.5 SVR  

The proportion of individuals with confirmed HCV cure was low across all regions in 

2015. These low cure rates should also be viewed in the context that IFN plus RBV 

was the predominant regimen in this study and that the majority of the study 

population had genotype 1 or 4, which are difficult to cure genotypes with IFN based 

regimens (326). At the point of analysis, second-generation DAAs had only been 

available for a short time, and therefore DAA uptake was still limited. Only 89 (6.6%) 

of the 1357 individuals with a follow-up HCV-RNA test after completing treatment 

received IFN-free treatment. By 2017 the SVR rate was 42% which is a 20% increase 

from 2015 (22%). Among the 2623 individuals with a FU HCV-RNA test, 40.1% 

received an IFN-free DAA regimen, which is a 33.6% increase from 2015. However, 

there were regional differences in the proportion of individuals receiving IFN-free 

DAAs, as only 13.3% of individuals from Eastern Europe with a FU HCV-RNA received 

IFN-free DAAs, compared with 48.0% of individuals from Southern Europe. This 

finding was expected, as we have already seen a rapid increase in DAA uptake in 2015 

for all EuroSIDA regions except Eastern Europe (368). As DAAs are highly effective for 

all genotypes (439), SVR rates are expected to continue improving in the DAA era. 

 

4.1.4.6 Strengths and limitations 

One of the main limitations of the cross-sectional analysis was the lack of a follow-up 

HCV-RNA measurement at least 12/24 weeks after completing treatment, making it 

impossible to determine SVR for all patients. It is possible that HCV-RNA has been 

measured at a different site than HIV clinics tests and therefore not reported, 

although substantial efforts have been made to follow-up missing data from all sites 

as part of the quality assurance (QA) program in EuroSIDA. This study did not estimate 

the undiagnosed population, which is an important part of the continuum as one of 

the major breakpoints of the HCV continuum is diagnosis. Although cohorts are more 

inclusive and generalisable than clinical trials (250), they are still not entirely 

representative of all HCV infected individuals as there are vulnerable groups or 

incarcerated populations that are not included in cohorts. Also, EuroSIDA collects 
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data from centres of excellence, therefore the cross-sectional CoCs might be showing 

an optimistic picture of the CoC. There is also considerable intra-regional variation in 

the CoC. Participants are not enrolled into EuroSIDA in proportion to the epidemic, 

therefore while EuroSIDA collects data from multiple countries, some countries are 

overrepresented, and findings from that region will be dominated by that country. 

 

Our study also has several important strengths, such as being one of the first studies 

to suggest a comprehensive cross-sectional continuum of care for HCV and HIV co-

infected individuals. The size of the study population, which includes data from clinics 

all over Europe, is also a strength, as other continuums only include data from a single 

site, making the results less generalisable.  
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4.2 Longitudinal HCV CoC  

4.2.1 Introduction  

The cross-sectional CoC is a useful and convenient tool to visualise the pathway to 

achieving SVR. It is normally presented as a bar chart, displaying a ‘snap-shot’ of the 

current situation. However, while there are many benefits of the traditional CoC 

framework, there are also some limitations. Using the traditional framework, it is not 

possible to explore how individuals move through care over time as it only presents 

where individuals are in their care at one point in time, which does not allow for a 

non-linear care trajectory (451). Also, the standard method does not allow for the 

description of LTFU and mortality, as individuals included have to be alive and under 

FU. It is important to describe individuals who have been dropped from the CoC at 

each stage to understand what their outcomes are and where interventions should 

be targeted.  

 

The longitudinal CoC is a helpful way to explore how individuals move through care 

over time and can overcome some of the limitations of the cross-sectional approach. 

Lesko et al. developed a novel method for visualising the HIV CoC longitudinally, that 

follow the same individuals over time as they transition through the stages of care 

(452). Jose et al. also present a similar method to describe the HIV CoC longitudinally 

which also uses time-updated factors to describe stages in the continuum over a ten 

year period (385). Neither Lesko’s or Jose’s methods exclude individuals who are 

LTFU or dead from the denominator and can therefore assess both as a relevant 

endpoint.  

 

4.2.1.1 Aims 

There were 3 main aims of this analysis: 

1) To explore a methodology for analysing the longitudinal HCV continuum 

of care 
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2) To apply the longitudinal methodology to the EuroSIDA study, and explore 

differences based on the date of enrolment into to study and region  

3) To explore factors associated with being HCV-RNA negative and treated 

(compared to HCV-RNA positive and never treated) 

 

4.2.1.2 What this analysis adds 

The time updated CoC methods such as those used by Jose et al. (385) and Lesko et 

al. (452) to describe the HIV CoC over time have not previously been applied to the 

HCV model. Creating a methodology for exploring the HCV CoC over time will allow 

us to better explore the gaps in the HCV continuum compared to using the traditional 

cross-sectional approach. Individuals do not always make sequential progress 

through the CoC stages, therefore it is important to explore how individuals may 

transition back and forth through the stages over time. Also, the main breaks in the 

CoC are not universal for all regions or patient populations, therefore, this method 

will allow us to explore regional differences as well as changes over time. 
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4.2.2 Methods 

 This analysis was based on data from the EuroSIDA D46 dataset. Cohort details and 

information on the collection of HCV data have been described in Chapter 2, Section 

2.2. 

 

4.2.2.1 Inclusion criteria  

There were 6397 individuals who were enrolled into the EuroSIDA study between 

1/1/2011 and 1/1/2017. Of these, 6308 were ever anti-HCV tested, and 4418 were 

anti-HCV positive at baseline, which was defined as the date of enrolment to the 

EuroSIDA study, and included in this analysis (Figure 4.8). Individuals who did not 

have at least 2 years of FU before 1/1/2019 (when the D46 dataset was closed) were 

excluded from this analysis. Individuals who did not have any data after being 

enrolled into the study were also excluded. An end date of 2 years after enrolment 

was specified for all individuals who were included in the analysis regardless of death 

or LTFU, as death or LTFU after baseline did not exclude individuals from this analysis.  

 

Figure 4.8: Flowchart for inclusion in longitudinal analysis 

 

 

Individuals enrolled 
between 1/1/2011-2017

N=6397

Anti-HCV tested

n=6308

Anti-HCV positive at 
enrollment 

n=4418
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4.2.2.2 Definition of longitudinal Continuum of Care stages 

For the longitudinal CoC, I included all individuals who were enrolled in the EuroSIDA 

study between 1/1/2011 and 1/1/2017 and were anti-HCV positive (Stage 1). All 

individuals were followed for 2 years, and for each month, they were categorised into 

1 of 7 stages (Figure 4.8). These stages were defined based on the individuals HCV 

status and treatment history as well as whether they were LTFU or died. LTFU was 

defined as not having a CD4 count, HIV-RNA, or visit data for 15 months. This was due 

to the HIV treatment guidelines specifying that HIV positive individuals are expected 

to attend a HIV clinical every 12 months (317), however, these visits may be delayed 

for a number of reasons, so I increased the window to 15 months to allow for any 

deferrals. The first stage (HCV-RNA unknown) included all individuals who were not 

HCV-RNA tested, LTFU, or dead. Individuals HCV-RNA positive were split by whether 

they had ever received HCV treatment (Stages 2 and 3). HCV-RNA negative individuals 

were also split into those never treated and treated (Stage 4 and 5, respectively). To 

explore the changes in DAA uptake over time, Stage 3 and Stage 5 were further split 

based on the individuals most recent HCV treatment regimen (IFN based vs IFN-free 

DAA regimen). 

 

The proportion of person-month of FU (PMFU) spent in each stage at each month for 

the 2 years of FU was calculated. The results were then presented as a stacked area 

chart to describe how individuals transition through stages during 2 years of FU from 

enrolment into the study. To explore changes in the way individuals have transitioned 

through the CoC over time, the stacked area graph was stratified by year of 

enrolment (2011-2015 vs 2015-2017). These periods of time were compared due to 

the increase in DAA uptake in 2015 (368). The stacked area chart was also stratified 

by region and baseline demographics. 
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Table 4.8: Longitudinal HCV continuum of care definitions 
Stage Definition 

Stage 1: HCV-RNA unknown 
Anti-HCV positive test (excluding those HCV-RNA tested, HCV 
genotyped or HCV treated data before index date) 

Stage 2: HCV-RNA positive – never treated HCV-RNA positive test and never received treatment 

Stage 3: HCV-RNA positive –treated* HCV-RNA positive test and previously received treatment 

Stage 4: HCV-RNA negative – never treated HCV-RNA negative test and never received treatment 

Stage 5: HCV-RNA negative –treated* HCV-RNA negative test and previously received treatment 

Stage 6: LTFU 15 months without CD4, HIV-RNA, or visits data 

Stage 7: Dead  Died 

*Split by treatment regimen for certain analysis 

 

4.2.2.3 Variables included in this analysis 

The baseline variables used in the different analyses have been described below in 

Table 4.9. 

 

Table 4.9: Definitions of baseline variables included analysis 
Variable Levels Definitions and comments 

Age (years) Continuous (per 1 year older) 
and categorised as ≤50 and 
>50 years old 

 

Sex Male, female 
 

Region South, Central - West, North, 
Central - East, Eastern Europe 

Defined in Chapter 2, Section 2.2 

Ethnicity White, Global Majority, 
unknown 

 

HIV risk group MSM, PWID, heterosexual, 
and other 

‘Other' includes those with unknown risk group 

CD4 count (cells/mm3) Continuous and categorised 
as ≤500, >500 (cells/mm3), 
and unknown 

Most recent measurement prior to index 
date/baseline (within one year), if not available 
then measurement up to 6 months after index 
date/baseline included  

CD4 nadir (cells/mm3) Continuous and categorised 
as ≤50, 50-200, and >200 
(cells/mm3), and unknown 

Lowest CD4 count prior to index date/baseline, if 
not available then measurement up to 6 months 
after index date/baseline included  

HIV-RNA (cp/ml)  ≤500, >500, unknown Most recent measurement prior to index 
date/baseline (within one year), if not available 
then measurement up to 6 months after index 
date/baseline included 

AIDS-defining event Yes, no Defined using CDC's 1993 definition (421) 

nADI Yes, no Non-AIDS defining malignancy, cardiovascular 
disease, end-stage liver disease, end-stage renal 
disease, pancreatitis (422) 

Fibrosis F0/1, F2, F3, F4, unknown 
and <F3, ≥F3* 

Determined by either a biopsy, FibroScan, APRI, or 
plasma hyaluronic acid levels measured 1 year 
prior to baseline 

HCV genotype G1, G2, G3, G4, unknown, 
and G1, other/unknown 

 

On cART Yes, no Individual on cART (≥3 drugs) treatment at 
baseline 
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Prior HCV treatment Yes, no Individual received any HCV treatment prior to 
regimen included in analysis 

Year of enrolment  <2016, ≥2016 Date individual was enrolled in EuroSIDA study 

HBV infection Yes, no, unknown Defined using HBsAg surface antigen test or HBV 
DNA 

*Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 

(>160ng/mL)  

 

4.2.2.4 Statistical analysis 

4.2.2.4.1 Baseline characteristics 

Baseline characteristics of individuals included in the cross-sectional analysis were 

described, and were based on the most recent measurement prior to the index data 

(1/1/2015). Baseline characteristics of individuals included in the longitudinal analysis 

were also described and were defined based on the most recent measurement 

before baseline (enrolment to EuroSIDA). Fibrosis stage was defined using a 

consensus definition (225) and was determined based on the most reliable fibrosis 

marker measured within one year prior to the index date/baseline. The most reliable 

fibrosis marker was considered to be a biopsy result, followed by a Fibroscan result, 

an APRI score then finally a plasma hyaluronic acid level. Information on how fibrosis 

data is collected and defined in EuroSIDA has been described in Chapter 2, Section 

2.2.7 (245). Categorical characteristics were described with numbers and 

percentages and numerical variables were described with medians and interquartile 

ranges. Regional differences in baseline characteristics were compared using chi-

squared and Kruskal-Wallis tests for categorical and continuous variables, 

respectively.  

 

4.2.2.4.2 Factors associated with negative HCV-RNA result 

For the longitudinal CoC, determining which individuals were transitioning from HCV-

RNA positive – never treated (Stage 2) to HCV-RNA negative – treated (Stage 5) was 

of particular interest. Logistic regression with Generalised Estimating Equations 

(GEEs) was used to identify predictors of being HCV-RNA negative – treated. GEEs 

were used due to the repeated measures from the same individuals. Using GEEs 
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allows for robust standard errors to be used whilst taking into account correlations 

between individuals when estimating the effect. Variables found to be significant in 

univariable analysis (p<0.1) were included in the multivariable model. Region was 

also included in this model a priori.  

 

SAS 9.4 was used for all analyses (version 9.4; SAS Institute, Cary, North Carolina, 

USA). 
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4.2.3 Results  

Different individuals were included in each analysis, this has been summarised below 

in Table 4.10. 

 

Table 4.10: Description of individuals included in each analysis 
Section Analysis n included 

4.2.3.1 Baseline characteristics of 
individuals enrolled between 1/1/2011 
and 1/1/2017 

Description of individuals eligible 4418 

4.2.3.2 Overall CoC Description of overall longitudinal CoC 4418 

 Description by treatment regimen 4418 

 Description of individuals who died 155 

4.2.3.3 Predictors of HCV-RNA negative - 
treated 

Odds of being HCV-RNA negative - treated (vs 
HCV-RNA positive - never treated) 

27762 vs 
34611* 

4.2.3.4 CoC by region Description of longitudinal CoC by region 4418 

4.2.3.5 CoC over time 
Description of longitudinal CoC by year of 
enrolment 

4418 

*Included repeated measures for each individual. Number of observations shown, not individuals 

 

4.2.3.1 Baseline characteristics of individuals enrolled between 1/1/2011 and 

1/1/2017 

There was a total of 4418 individuals who were anti-HCV positive and enrolled into 

the EuroSIDA study between 1/1/2011 and 1/1/2017. 1115 (25.2%) individuals were 

from Southern Europe, 1117 (25.3%) from Central-West, 630 (14.3%) from North, 481 

(10.9%) from Central-East, and 1078 (24.4%) from Eastern Europe (Table 4.11). There 

were 2203 (49.9%) individuals who were enrolled before 2015 and 2215 (50.1%) 

individuals who were enrolled between 1/1/2015 and 1/1/2017. The majority of 

individuals included were of white ethnicity (85.7%), male (72.5%), had a median age 

of 45 years old (IQR: 37-52), and a median CD4 count of 532 cells/mm3 (IQR: 351-

746). The most common mode of HIV transmission was PWID (54.5%), followed by 

MSM (20.0%), heterosexual (18.4%), and other (7.1%). Most individuals were on cART 

(83.5%) and had HIV viral load ≤500 cp/ml (79.5%). There were regional differences 

for all baseline characteristics (p<0.0001). Eastern Europe had a higher proportion of 

females included (34.3%) than the other regions (<27.8%), and individuals included 
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from Central-East and Eastern Europe had a lower median age (38 and 36 years old, 

respectively) compared to other regions (49-50 years old). The CD4 count was 392 

cells/mm3 (IQR: 253-560) in Eastern Europe, 491 (IQR: 323-681) in Central-East, and 

above 570 cells/mm3 in North, Central-West and Southern Europe. Only 0.9% of 

individuals from Eastern Europe were MSM compared to above 15% MSM in all other 

regions. However, there was a higher proportion of individuals in the heterosexual 

HIV risk group in Eastern Europe (30.5%) compared to other regions (<16%). The 

proportion on cART was also lower in Eastern Europe (72.4%) than in other regions 

(≥82.3%). 

 

The proportion of individuals with a fibrosis marker was highest in Central-Western 

Europe (94.0%) and lowest in Southern (70.8%) and Northern Europe (71.0%). Of 

those with a liver fibrosis marker, Sothern Europe had the highest prevalence of stage 

F3 or F4 fibrosis (23.3%), followed by North (20.8%), East (16.1%), Central-West 

(15.3%), and Central-Eastern Europe (14.1%). The proportion of individuals HCV 

genotyped was highest in Southern (79.4%) and Northern Europe (77.0%), and lowest 

in Eastern Europe (49.3%). Of those with an HCV genotype, genotype 1 was the most 

common overall (55.6%). However, there was more variation in HCV genotype in 

Central-East (55.2% genotype 2 – 4) compared to other regions (<45% genotype 2 – 

4).
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Table 4.11: Baseline characteristics at enrolment to EuroSIDA study in anti-HCV positive individuals enrolled between 1/1/2011 and 1/1/2017, by region 
of Europe 

 
 
Overall 

Overall South Central - West North Central - East East 

n (%) 

4418 (100.0) 1112 (25.2) 1117 (25.3) 630 (14.3) 481 (10.9) 1078 (24.4) 

Sex 
Male 3201 (72.5) 803 (72.2) 846 (75.7) 488 (77.5) 357 (74.2) 707 (65.6) 

Female 1217 (27.5) 309 (27.8) 271 (24.3) 142 (22.5) 124 (25.8) 371 (34.4) 

Ethnicity 

White 3787 (85.7) 1040 (93.5) 752 (67.3) 452 (71.7) 475 (98.8) 1068 (99.1) 

Global majority 110 (2.5) 7 (0.6) 61 (5.5) 40 (6.3) 2 (0.4) #VALUE! 

Unknown 521 (11.8) 65 (5.8) 304 (27.2) 138 (21.9) 4 (0.8) 10 (0.9) 

HIV risk group 

MSM* 883 (20.0) 185 (16.6) 361 (32.3) 228 (36.2) 99 (20.6) 10 (0.9) 

PWID† 2410 (54.5) 692 (62.2) 438 (39.2) 272 (43.2) 290 (60.3) 718 (66.6) 

Heterosexual 812 (18.4) 169 (15.2) 173 (15.5) 86 (13.7) 55 (11.4) 329 (30.5) 

Other 313 (7.1) 66 (5.9) 145 (13.0) 44 (7.0) 37 (7.7) 21 (1.9) 

HIV-RNA (cp/ml) 

≤500 3511 (79.5) 957 (86.1) 1042 (93.3) 585 (92.9) 370 (76.9) 557 (51.7) 

>500 612 (13.9) 48 (4.3) 51 (4.6) 39 (6.2) 66 (13.7) 408 (37.8) 

Unknown 295 (6.7) 107 (9.6) 24 (2.1) 6 (1.0) 45 (9.4) 113 (10.5) 

AIDS event 
No 3496 (79.1) 851 (76.5) 858 (76.8) 533 (84.6) 381 (79.2) 873 (81.0) 

Yes 922 (20.9) 261 (23.5) 259 (23.2) 97 (15.4) 100 (20.8) 205 (19.0) 

Non-ADI‡ 
No 4088 (92.5) 978 (87.9) 998 (89.3) 593 (94.1) 465 (96.7) 1054 (97.8) 

Yes 330 (7.5) 134 (12.1) 119 (10.7) 37 (5.9) 16 (3.3) 24 (2.2) 

Year of enrolment 
<2015 2203 (49.9) 597 (53.7) 552 (49.4) 248 (39.4) 264 (54.9) 542 (50.3) 

≥2015 2215 (50.1) 515 (46.3) 565 (50.6) 382 (60.6) 217 (45.1) 536 (49.7) 

Fibrosis§ 

F0/1 2764 (62.6) 552 (49.6) 839 (75.1) 332 (52.7) 337 (70.1) 704 (65.3) 

F2 148 (3.3) 52 (4.7) 51 (4.6) 22 (3.5) 15 (3.1) 8 (0.7) 

F3 206 (4.7) 53 (4.8) 55 (4.9) 32 (5.1) 23 (4.8) 43 (4.0) 

F4 426 (9.6) 130 (11.7) 106 (9.5) 61 (9.7) 35 (7.3) 94 (8.7) 

Unknown 874 (19.8) 325 (29.2) 66 (5.9) 183 (29.0) 71 (14.8) 229 (21.2) 

HCV genotype 

G1 1603 (36.3) 494 (44.4) 386 (34.6) 305 (48.4) 126 (26.2) 292 (27.1) 

G2 103 (2.3) 17 (1.5) 28 (2.5) 28 (4.4) 4 (0.8) 26 (2.4) 

G3 742 (16.8) 200 (18.0) 147 (13.2) 99 (15.7) 83 (17.3) 213 (19.8) 

G4 433 (9.8) 172 (15.5) 140 (12.5) 53 (8.4) 68 (14.1) #VALUE! 

Unknown 1537 (34.8) 229 (20.6) 416 (37.2) 145 (23.0) 200 (41.6) 547 (50.7) 

On cART 
No 727 (16.5) 197 (17.7) 118 (10.6) 56 (8.9) 58 (12.1) 298 (27.6) 

Yes 3691 (83.5) 915 (82.3) 999 (89.4) 574 (91.1) 423 (87.9) 780 (72.4) 
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Prior HCV treatment 
No 2692 (60.9) 523 (47.0) 542 (48.5) 383 (60.8) 376 (78.2) 868 (80.5) 

Yes 1726 (39.1) 589 (53.0) 575 (51.5) 247 (39.2) 105 (21.8) 210 (19.5) 

HBV infection 

No 3389 (76.7) 899 (80.8) 959 (85.9) 401 (63.7) 366 (76.1) 764 (70.9) 

Yes 236 (5.3) 40 (3.6) 66 (5.9) 21 (3.3) 39 (8.1) 70 (6.5) 

Unknown 793 (17.9) 173 (15.6) 92 (8.2) 208 (33.0) 76 (15.8) 244 (22.6) 
 Median (IQR) 

Age 45 (37-52) 49 (44-53) 50 (44-55) 49 (42-54) 38 (32-44) 36 (33-41) 

CD4 count (cells/mm3) 532 (351-746) 583 (387-804) 615 (437-837) 574 (390-791) 491 (323-681) 392 (253-560) 

CD4 nadir 192 (82-306) 194 (91-308) 136 (27-261) 225 (131-330) 207 (80-314) 210 (106-312) 

Evidence of regional differences for all variables (p<0.0001) 
*MSM: Men who have sex with men, †PWID: People who inject drugs 
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal disease, pancreatitis 
§Determined by either a biopsy, FibroScan, APRI, or plasma hyaluronic acid levels 
n with CD4 count = 4145, n with CD4 nadir = 4315 
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4.2.3.2 Overall CoC  

The 4418 individuals included in this analysis contributed 110450 person-months of 

FU (PMFU) over two years (Figure 4.9). Of the 110450 PMFU, individuals spent most 

time HCV-RNA negative – ever treated (32.2%), followed by HCV-RNA positive – never 

treated (26.4%), HCV-RNA unknown (15.2%), HCV-RNA positive – ever treated 

(11.6%), HCV-RNA negative – never treated (10.7%), LTFU (1.9%), and dead (2.04%). 

Overall, 42.9% (10.7% + 32.2%) of the PMFU was spent HCV-RNA negative, compared 

to 38.0% (26.4% + 11.5%) that was spent HCV-RNA positive. Also, more time was 

spent treated than not treated regardless of HCV-RNA status (43.8% vs 37.1%). 

 

Table 4.12 shows the percentage of PMFU spent in each stage at baseline, 6 months, 

12 months, 18 months, and 24 months after enrolling in the EuroSIDA study. From 

this Table and Figure 4.9, it is clear that the proportion of PMFU spent HCV-RNA 

positive – never treated decreased over time (from 31.5% at enrolment to 20.7% 24 

months later) as the area for this stage in Figure 4.9 decreased as time passed. The 

proportion of PMFU spent HCV-RNA unknown was 20.5% at baseline and decreased 

to 11.9% by 24 months after enrolment, which indicates almost 9% of individuals who 

were not HCV-RNA tested at baseline were tested within 2 years of enrolment. PMFU 

spent HCV-RNA positive – ever treated also decreased over 2 years of FU (from 15.3% 

to 9.0%). By 2 years after entering the cohort, the proportion of PMFU spent HCV-

RNA negative – treated increased from 22.6% to 38.0%. The proportion of individuals 

who were LTFU or died also steadily increased over time. The proportion of PMFU 

spent HCV-RNA negative – never treated did not change much over time, only 

increasing from 10.1% at enrolment to 11.0% after 2 years of FU. 
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Figure 4.9: Longitudinal HCV CoC 

 

 

Table 4.12: Percentage of PMFU spent in each stage of CoC 

  
Stage: 

Overall 
Time from cohort entry (months) 

0 6 12 18 24 

HCV-RNA unknown 15.2% 20.5% 16.7% 15.0% 12.7% 11.9% 

HCV-RNA positive - never 
treated 

26.4% 31.5% 29.7% 26.9% 23.1% 20.7% 

HCV-RNA positive - treated 11.6% 15.3% 13.5% 11.4% 9.6% 9.0% 

HCV-RNA negative - never 
treated 

10.7% 10.1% 10.5% 10.9% 10.8% 11.0% 

HCV-RNA negative - treated 32.2% 22.6% 28.5% 33.6% 36.3% 38.0% 

LTFU 1.9% 0.0% 0.0% 0.0% 4.4% 5.9% 

Dead 2.0% 0.0% 1.1% 2.2% 3.0% 3.5% 

 

4.2.3.2.1 Overall CoC, by treatment regimen 

To further explore the changes in treatment over time, Stage 3 (HCV-RNA positive – 

treated) and Stage 5 (HCV-RNA negative – treated) were split by the individuals most 

recent treatment regimen (IFN based regimen vs IFN-free DAA regimen) (Figure 4.10). 

Overall, 28.3% of PMFU were spent treated by IFN, while 15.6% was spent treated by 

DAAs. However, this figure shows that the percentage of PMFU spent treated by 

DAAs increased over time (from 7.9 to 20.9%) and the proportion of PMFU treated 

by IFN decreased (from 30.0% to 26.0%). The percentage of PMFU spent HCV-RNA 

negative - treated - DAAs increased by 5.6% at enrolment to 18.5% after 24 months, 

while the proportion of time spent HCV-RNA negative - treated - IFN based regimen 
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remained fairly consistent over time, and only increased by 2.5% (Table 4.13). Overall, 

the proportion of PMFU spent HCV-RNA positive – treated – DAA was only 2.4%, and 

remained consistently low over time. 

 

Figure 4.10: Longitudinal HCV CoC, stratified by treatment regimen 

 

 

 

Table 4.13: Percentage of PMFU spent in each stage of CoC, stratified by treatment 
regimen 

 
Stage: 

Overall 
Time from cohort entry (months) 

0 6 12 18 24 

HCV-RNA unknown 15.2% 20.5% 16.7% 15.0% 12.7% 11.9% 

HCV-RNA positive - never treated 26.4% 31.5% 29.7% 26.9% 23.1% 20.7% 

HCV-RNA positive - treated - IFN 9.2% 13.0% 10.8% 9.0% 7.5% 6.5% 

HCV-RNA positive - treated - DAA 2.4% 2.3% 2.7% 2.4% 2.1% 2.5% 

HCV-RNA negative - never treated 10.7% 10.1% 10.5% 10.9% 10.8% 11.0% 

HCV-RNA negative - treated - IFN 19.0% 17.0% 18.8% 19.6% 19.5% 19.5% 

HCV-RNA negative - treated - DAA 13.2% 5.6% 9.8% 14.0% 16.8% 18.5% 

LTFU 1.9% 0.0% 0.0% 0.0% 4.4% 5.9% 

Dead 2.0% 0.0% 1.1% 2.2% 3.0% 3.5% 
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4.2.3.2.2 Summary of deaths by time-point, region, and CoC stage 

Overall, 156 (3.5%) individuals included in this analysis died within 2 years of 

enrolment. There were 42 deaths 0-6 months after enrolment, 48 deaths 6-12 

months after enrolment, 42 deaths 12-18 months after enrolment, and 24 deaths 18-

24 months after enrolment (Figure 4.11). Eastern Europe had the highest proportion 

of deaths (68, 6.3%), followed by Central-East (15, 3.1%), Central-West (32, 2.9%), 

North (18, 2.9%), and Southern Europe (23, 2.1%). Across all time points, the majority 

of deaths were from Eastern Europe. 

 

Figure 4.12 shows the number of deaths by the continuum stage prior to death. The 

majority of deaths occurred in individuals who were HCV-RNA positive (n=65), 

followed by those with an unknown HCV-RNA status (n=45), HCV-RNA negative 

(n=39), and LTFU (n=6). Of those who were HCV-RNA positive prior to dying, 83.1% 

(n=54) had never been treated. 

 

The most common cause of death was AIDS (n=32), the majority of which were due 

to infections (n=23). There were 21 individuals who died due to liver-related reasons 

such as cirrhosis (n=10) and liver failure (n=5). NADM was also a common cause of 

death (n=13), as was substance abuse (n=13), and non-AIDS related infections (n=10). 

21 individuals died from other causes such as heart disease (n=2) and stroke (n=2). 

There were also 46 individuals who died from unknown causes. 
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Figure 4.11: Percentage of deaths at each time-point, by region 

 
 
 
Figure 4.12: Percentage of deaths at each time-point, by CoC stage prior to death 

 
There was 1 individual that died the same month they were enrolled and could not be categorised. Therefore, n 
= 41 for 0-6 months, not 42 
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RNA negative – treated). There were 62373 observations included from 2993 

individuals ever in either stage, 44.5% of observations were spent in Stage 2 and 

55.5% of which were spent in Stage 5. The data was unbalanced as individuals had a 

varying number of observations. The number of observations ranged from 1 – 25, 

with an average of 20 observations included for each individual.  

 

In univariable analysis, individuals over 50 years old had a higher odds of starting HCV 

treatment and being HCV negative compared to individuals under 50 [OR=2.43, 95% 

CI=2.10-2.82], as did individuals from Central-Western Europe [OR=1.20, 95% 

CI=0.99-1.45], those with a CD4 count >500 cells/mm3 [OR=1.64, 95% CI=1.42-1.89], 

a non-ADI [OR=1.44, 95% CI=1.12-1.85], enrolled into EuroSIDA in 2014, 2015, or 

2016 or later [OR=2.00, 95% CI=1.50-2.67, OR=3.18, 95% CI=2.38-4.23, and OR=1.81, 

95% CI=1.24-2.64, respectively], and with liver fibrosis ≥F3 [OR=1.30, 95% CI=1.07-

1.57]. Females [OR=0.76, 95% CI=0.65-0.89], individuals from North, Central-East and 

Eastern Europe [OR=0.62, 95% CI=0.50-0.76, OR=0.22, 95% CI=0.16-0.29, and 

OR=0.32, 95% CI=0.26-0.40, respectively], PWID and heterosexuals [OR=0.52, 95% 

CI=0.43-0.62 and OR=0.50, 95% CI=0.40-0.63], individuals with a HIV-RNA >500 cp/ml 

[OR=0.32, 95% CI=0.25-0.41], or an AIDS event [OR=0.86, 95% CI=0.73-1.02] had a 

lower odds of being HCV-RNA negative - treated. Ethnicity, HCV genotype, cART 

treatment, and HBV infection were not found to be associated with the odds of being 

HCV-RNA negative – treated. 

 

After adjustment, being over 50 years old [aOR=1.81, 95% CI=1.54-2.14], having a 

CD4 count >500 cells/mm3 [aOR=1.30, 95% CI=1.11-1.52], being enrolled to EuroSIDA 

in 2015 [aOR=1.73, 95% CI=1.24-2.42], and having fibrosis ≥F3 [aOR=1.26, 95% 

CI=1.04-1.54] were associated with being HCV negative – treated (Figure 4.13). 

Individuals from North, Central-East and Eastern Europe [aOR=0.55, 95% CI=0.44-

0.69, aOR=0.28, 95% CI=0.21-0.38, and aOR=0.56, 95% CI=0.43-0.72, respectively], 

PWID and heterosexuals [aOR=0.62, 95% CI=0.51-0.77 and aOR=0.69, 95% CI=0.52-



199 
 

0.92], with HIV-RNA >500 cp/ml [aOR=0.57, 95% CI=0.43-0.74], and an AIDS event 

[aOR=0.74, 95% CI=0.61-0.88] had a lower odds of being HCV-RNA negative – treated. 

 

Figure 4.13: Adjusted odds of being HCV-RNA negative - treated 

 
Logistic regression model was also adjusted for unknown CD4 count, unknown HIV-RNA, and unknown fibrosis  
*MSM: Men who have sex with men, †PWID: People who inject drugs 
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal 
disease, pancreatitis  
§Either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5) (225) or hyaluronic acid level (>160 
ng/mL) (420) 
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4.2.3.4 Regional CoC 

There were 1112 (27800 PMFU) individuals included from Southern Europe, 1117 

(27925 PMFU) from Central-West, 630 (15750 PMFU) from North, 481 (12025 PMFU) 

from Central-East, and 1078 (26950 PMFU) from Eastern Europe. Regional 

differences in baseline characteristics have been described in 4.2.3.1 and Table 4.11 

Overall, the percentage of individuals HCV-RNA negative - treated was 14.1% and 

15.1% in Central-East and Eastern Europe, respectively (Table 4.14). However, the 

percentage of PMFU HCV-RNA negative - treated in Southern (42.2%), Central-West 

(43.8%), and Northern Europe (36.9%) was higher. PMFU spent with an unknown 

HCV-RNA value was 37.8% in Eastern Europe and 26.6% in Central-Eastern Europe, 

however it was only 6.5%, 4.1%, and 2.7% in South, Central-West, and Northern 

Europe, respectively. Overall the percentage of PMFU LTFU was highest in Eastern 

Europe (2.7%) and lowest in Northern Europe (1.2%). There was also a higher 

percentage of death in Eastern Europe (3.9%) compared to other regions, and was 

lowest in Southern Europe (1.0%). 

 

While the absolute percentage increase of PMFU HCV-RNA negative - treated was 

roughly 20% from enrolment to 24 months later in South, Central-West, and 

Northern Europe, there was only a 7.9% increase in Central-East and 5.3% increase in 

Eastern Europe (Figure 4.14). There was a 15.2% and 16.0% absolute decrease by 24 

months after enrolment in the percentage of PMFU HCV-RNA unknown in Central-

East and Eastern Europe, respectively. However, by 24 months, the percentage of 

PMFU HCV-RNA unknown was still much higher in Central-East (20.2%) and Eastern 

Europe (30.8%) compared to South (4.3%), Central-West (3.2%) and Northern Europe 

(1.9%).
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Figure 4.14: Longitudinal CoC, by region  
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Table 4.14: Percentage of PMFU spent in each stage of CoC, by region 
 
 
Stage: 

South (%) Central-West (%) North (%) 

Overall 
Time from cohort entry (months) 

Overall 
Time from cohort entry (months) 

Overall 
Time from cohort entry (months) 

0 6 12 18 24 0 6 12 18 24 0 6 12 18 24 

HCV-RNA unknown 6.5 12.5 6.4 5.8 4.6 4.3 4.1 5.3 4.8 4.1 3.5 3.2 2.7 5.1 3.0 2.4 1.9 1.9 

HCV-RNA positive - 
never treated 

24.5 30.8 28.4 25.0 20.5 19.2 19.9 27.6 23.6 20.5 15.2 12.4 34.2 44.0 41.0 34.0 28.6 24.3 

HCV-RNA positive - 
treated 

15.9 23.3 18.6 14.8 12.4 11.2 12.4 17.2 15.0 12.0 10.3 9.0 11.0 15.2 12.7 11.1 8.1 8.4 

HCV-RNA negative - 
never treated 

7.9 7.0 8.1 8.2 8.2 7.9 16.4 16.2 16.2 16.7 16.5 16.7 12.4 11.6 11.7 12.4 12.5 13.0 

HCV-RNA negative - 
treated 

42.2 26.3 38.2 45.1 47.8 50.5 43.8 33.8 39.7 45.2 48.3 50.0 36.9 24.1 30.6 38.3 43.7 45.4 

LTFU 1.9 0.0 0.0 0.0 4.9 4.8 1.8 0.0 0.0 0.0 3.8 5.7 1.2 0.0 0.0 0.0 2.9 4.1 

Dead 1.0 0.0 0.3 1.0 1.7 2.1 1.5 0.0 0.6 1.5 2.5 2.9 1.7 0.0 1.0 1.9 2.4 2.9 

 

 
 
Stage: 

Central-East (%) East (%) 

Overall 
Time from cohort entry (months) 

Overall 
Time from cohort entry (months) 

0 6 12 18 24 0 6 12 18 24 

HCV-RNA unknown 26.6 35.3 30.1 26.2 22.2 20.2 37.8 46.8 41.5 38.0 32.6 30.8 

HCV-RNA positive - never treated 36.8 35.8 36.8 37.6 37.4 35.8 25.7 27.1 27.6 26.5 24.5 22.1 

HCV-RNA positive - treated 10.2 10.4 11.2 11.0 9.8 9.4 7.5 7.4 8.2 7.6 6.8 6.8 

HCV-RNA negative - never treated 9.1 8.3 8.7 9.1 9.1 9.6 7.3 6.9 7.1 7.5 7.5 7.7 

HCV-RNA negative - treated 14.1 10.2 11.9 13.7 15.6 18.1 15.1 11.8 13.3 15.9 17.1 17.1 

LTFU 1.3 0.0 0.0 0.0 3.1 4.0 2.7 0.0 0.0 0.0 6.1 9.3 

Dead 1.9 0.0 1.2 2.3 2.7 3.1 3.9 0.1 2.3 4.5 5.5 6.3 
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4.2.3.4.1 Regional CoC, by treatment regimen 

As described above there were regional differences in the percentage of PMFU 

treated, however there were also regional differences in PMFU by treatment type 

(Figure 4.15 and Table 4.15). Overall, the percentage of PMFU spent ever treated with 

DAAs was 2.7% in Eastern Europe and 3.5% in Central-Eastern Europe, however was 

over 20% in South, Central-West and Northern Europe. The proportion PMFU ever 

treated with IFN was higher in Central-East (20.9%) and Eastern Europe (19.9%) 

compared to the proportion ever treated with DAAs, however was still lower than 

other regions (34.9%, 34.4%, and 23.9% in South, Central-West, and Northern 

Europe, respectively). Also, the overall percentage of PMFU HCV-RNA negative - 

treated - DAAs was around 20% in South, Central-West, and Northern Europe but 

only 2.5% and 2.1% in Central-East and Eastern Europe, respectively. There was a 

17.72%, 16.83%, and 16.19% absolute increase in the PMFU HCV-RNA negative - 

treated - DAAs in South, Central-West and Northern Europe (respectively) over 24 

months, but only increased by 5.82% in Central-Eastern Europe and 3.90% in Eastern 

Europe over the same time-period.
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Figure 4.15: Longitudinal CoC, by region and treatment regimen 
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Table 4.15: Percentage of PMFU spent in each stage of CoC, by region and treatment regimen 
 
 
Stage: 

South (%) Central-West (%) North (%) 

Overall 
Time from cohort entry (months) 

Overall 
Time from cohort entry (months) 

Overall 
Time from cohort entry (months) 

0 6 12 18 24 0 6 12 18 24 0 6 12 18 24 

HCV-RNA unknown 6.5 12.5 6.4 5.8 4.6 4.3 4.1 5.3 4.8 4.1 3.5 3.2 2.7 5.1 3.0 2.4 1.9 1.9 

HCV-RNA positive - 
never treated 

24.5 30.8 28.4 25.0 20.5 19.2 19.9 27.6 23.6 20.5 15.2 12.4 34.2 44.0 41.0 34.0 28.6 24.3 

HCV-RNA positive - 
treated - IFN 

12.5 19.8 14.5 12.1 9.6 8.6 8.6 13.3 10.7 8.1 6.3 4.7 8.5 12.4 10.0 8.4 6.5 5.9 

HCV-RNA positive - 
treated - DAA 

3.4 3.5 4.1 2.8 2.8 2.6 3.8 3.8 4.3 3.8 4.0 4.3 2.4 2.9 2.7 2.7 1.6 2.5 

HCV-RNA negative - 
never treated 

7.9 7.0 8.1 8.2 8.2 7.9 16.4 16.2 16.2 16.7 16.5 16.7 12.4 11.6 11.7 12.4 12.5 13.0 

HCV-RNA negative - 
treated - IFN 

23.4 19.2 23.6 24.4 24.1 24.6 25.8 25.2 26.1 26.3 25.7 25.2 15.4 12.7 14.3 15.6 16.5 16.8 

HCV-RNA negative - 
treated - DAA 

18.8 7.1 14.7 20.8 23.7 26.0 18.0 8.6 13.6 18.9 22.6 24.7 21.5 11.4 16.3 22.7 27.1 28.6 

LTFU 1.9 0.0 0.0 0.0 4.9 4.8 1.8 0.0 0.0 0.0 3.8 5.7 1.2 0.0 0.0 0.0 2.9 4.1 

Dead 1.0 0.0 0.3 1.0 1.7 2.1 1.5 0.0 0.6 1.5 2.5 2.9 1.7 0.0 1.0 1.9 2.4 2.9 

 

 
 
Stage: 

Central-East (%) East (%) 

Overall 
Time from cohort entry (months) 

Overall 
Time from cohort entry (months) 

0 6 12 18 24 0 6 12 18 24 

HCV-RNA unknown 26.6 35.3 30.1 26.2 22.2 20.2 37.8 46.8 41.5 38.0 32.6 30.8 

HCV-RNA positive - never treated 36.8 35.8 36.8 37.6 37.4 35.8 25.7 27.1 27.6 26.5 24.5 22.1 

HCV-RNA positive - treated - IFN 9.3 10.4 10.2 9.1 8.7 7.9 6.9 7.3 7.8 6.9 6.6 5.9 

HCV-RNA positive - treated - DAA 0.9 0.0 1.0 1.9 1.0 1.5 0.6 0.1 0.4 0.7 0.2 0.8 

HCV-RNA negative - never treated 9.1 8.3 8.7 9.1 9.1 9.6 7.3 6.9 7.1 7.5 7.5 7.7 

HCV-RNA negative - treated - IFN 11.6 10.2 11.0 11.6 11.9 12.3 13.0 11.7 12.4 13.5 13.5 13.1 

HCV-RNA negative - treated - DAA 2.5 0.0 0.8 2.1 3.7 5.8 2.1 0.1 0.8 2.3 3.6 4.0 

LTFU 1.3 0.0 0.0 0.0 3.1 4.0 2.7 0.0 0.0 0.0 6.1 9.3 

Dead 1.9 0.0 1.2 2.3 2.7 3.1 3.9 0.1 2.3 4.5 5.5 6.3 
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4.2.3.5 CoC by year of enrolment  

There were 2203 individuals who were enrolled between 1/1/2011 and 31/12/2014 

(55100 PMFU) and 2215 individuals enrolled between 1/1/2015 and 1/1/2017 (55500 

PMFU). There were significant differences in the baseline characteristics of 

individuals enrolled between 1/1/2011 and 31/12/2014 and 1/1/2015 and 1/1/2017 

(Table 4.16). There was a higher percentage of females enrolled between 2011 and 

2014 (30.9%) compared to 2015 and 2017 (24.2%). The median age among individuals 

enrolled between 2011 and 2014 was 44 (IQR: 36-51) while the median age among 

individuals enrolled between 2015 and 217 was 46 (IQR: 38-53). The median CD4 

count was 505 cells/mm3 (IQR: 330-728) among individuals enrolled between 2011 

and 2014 and 560 cells/mm3 (IQR: 378-770) among individuals enrolled between 

2015 and 2017. Also, a higher percentage of MSM were enrolled between 2015 and 

2017 (26.8% vs 13.2%), while a higher percentage of PWID were enrolled between 

2011 and 2014 (58.0% vs 51.2%). 

 

The majority of PMFU for those enrolled between 1/1/2011 and 1/1/2015 was spent 

HCV-RNA positive – never treated (29.9%), however this decreased from 34.0% at 

enrolment to 25.1% 24 months later (Figure 4.16 and Table 4.17). The majority of 

PMFU was spent HCV-RNA negative – treated (37.4%) for those enrolled between 

1/1/2015 and 1/1/2017. The percentage of PMFU spent in this stage increased from 

25.9% at baseline to 43.3% 24 months after enrolment. For individuals enrolled 

before 1/1/2015, the majority of PMFU was spent HCV-RNA positive (42.4%) while 

those enrolled between 1/1/2015 and 1/1/2017 spent the majority of their PMFU 

HCV-RNA negative (48.6%). The percentage of PMFU spent LTFU was higher among 

individuals enrolled between 2015 and 2017 (2.4%) compared to those enrolled 

between 2011 and 2015 (1.4%). 
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Table 4.16: Baseline characteristics at enrolment to EuroSIDA study in anti-HCV positive 
individuals enrolled between 1/1/2011 and 1/1/2017, by year of enrolment  

    Overall 2011-2014 2015-2017 p-value 

    n (%) 

Overall 4418 (100.0) 2203 (49.9) 2215 (50.1) 
 

Sex Male 3201 (72.5) 1522 (69.1) 1679 (75.8) 
 

Female 1217 (27.5) 681 (30.9) 536 (24.2) 

Ethnicity White 3787 (85.7) 2004 (91.0) 1783 (80.5) <0.0001 

Global majority 110 (2.5) 43 (2.0) 67 (3.0) 

Unknown 521 (11.8) 156 (7.1) 365 (16.5) 
 

Region of Europe South 1112 (25.2) 597 (27.1) 515 (23.3) <0.0001 

Central - West 1117 (25.3) 552 (25.1) 565 (25.5) 

North 630 (14.3) 248 (11.3) 382 (17.2) 

Central - East 481 (10.9) 264 (12.0) 217 (9.8) 

East 1078 (24.4) 542 (24.6) 536 (24.2) 

HIV risk group MSM* 883 (20.0) 290 (13.2) 593 (26.8) <0.0001 

PWID† 2410 (54.5) 1277 (58.0) 1133 (51.2) 

Heterosexual 812 (18.4) 446 (20.2) 366 (16.5) 

Other 313 (7.1) 190 (8.6) 123 (5.6) 

HIV-RNA (cp/ml) ≤500 3511 (79.5) 1753 (79.6) 1758 (79.4) 0.0005 

>500 612 (13.9) 331 (15.0) 281 (12.7) 

Unknown 295 (6.7) 119 (5.4) 176 (7.9) 

AIDS event No 3496 (79.1) 1730 (78.5) 1766 (79.7) 0.3265 

Yes 922 (20.9) 473 (21.5) 449 (20.3) 

Non-ADI† No 4088 (92.5) 2015 (91.5) 2073 (93.6) 0.0073 

Yes 330 (7.5) 188 (8.5) 142 (6.4) 

Fibrosis§ F0/1 2764 (62.6) 1361 (61.8) 1403 (63.3) 0.5221 

F2 148 (3.3) 79 (3.6) 69 (3.1) 

F3 206 (4.7) 101 (4.6) 105 (4.7) 

F4 426 (9.6) 227 (10.3) 199 (9.0) 

Unknown 874 (19.8) 435 (19.7) 439 (19.8) 

HCV genotype G1 1603 (36.3) 803 (36.5) 800 (36.1) 0.0298 

G2 103 (2.3) 51 (2.3) 52 (2.3) 

G3 742 (16.8) 404 (18.3) 338 (15.3) 

G4 433 (9.8) 196 (8.9) 237 (10.7) 

Unknown 1537 (34.8) 749 (34.0) 788 (35.6) 

On cART No 727 (16.5) 384 (17.4) 343 (15.5) 0.0812 

Yes 3691 (83.5) 1819 (82.6) 1872 (84.5) 

Prior HCV 
treatment 

No 2692 (60.9) 1419 (64.4) 1273 (57.5) <0.0001 

Yes 1726 (39.1) 784 (35.6) 942 (42.5) 

HBV infection No 3389 (76.7) 1742 (79.1) 1647 (74.4) 0.001 

Yes 236 (5.3) 108 (4.9) 128 (5.8) 

Unknown 793 (17.9) 353 (16.0) 440 (19.9) 

    Median (IQR) 
 

Age (years)  45 (37-52) 44 (36-51) 46 (38-53) <0.0001 

CD4 count (cells/mm3)  532 (351-746) 505 (330-728) 560 (378-770) <0.0001 

CD4 nadir (cells/mm3)  192 (82-306) 191 (90-297) 193 (70-317) 0.8312 

*MSM: Men who have sex with men, †PWID: People who inject drugs  
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal 
disease, pancreatitis 
§Determined by either a biopsy, FibroScan, APRI, or plasma hyaluronic acid levels 
n with CD4 count = 4145, n with CD4 nadir = 4315 
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Figure 4.16: Longitudinal CoC, by year of enrolment 
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4.2.3.5.1 CoC by year of enrolment, by treatment regimen 

A higher percentage of individuals enrolled between 1/1/2015 and 1/1/2017 had 

ever received HCV treatment (48.1%) compared to those enrolled before 1/1/2015 

(39.4%). Figure 4.17 and Table 4.18 describe the CoC by treatment regimen, and show 

that a similar amount of PMFU was spent ever treated with IFN-based regimens for 

both enrolment periods (28.8% vs 27.8%), however there was almost a 10% 

difference in those treated with DAAs (10.7% among individuals enrolled between 

2011-2014 vs 20.4% among individuals enrolled between 2015-2017). While the 

proportion of individuals enrolled between 1/1/2011 and 31/12/201 who were HCV-

RNA negative and treated with DAAs was lower overall, it increased from 2.5% at 

enrolment to 14.0% 24 months after enrolment. This increase in the HCV-RNA 

negative - treated - DAA stage was also reflected in those enrolled between 2/1/2015 

and 1/1/2017 as there the PMFU increased from 8.7% to 22.9%. 
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Figure 4.17: Longitudinal CoC, by year of enrolment and treatment regimen 

 
Table 4.18: Percentage of PMFU spent in each stage of CoC, by year of enrolment and treatment regimen 
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4.2.4 Discussion  

In this section, a novel technique used to describe the longitudinal HIV CoC (385) was 

adapted and applied to the HCV context for the first time. I developed a 7 (or 9 if split by 

HCV treatment type) stage longitudinal CoC. Using this method, it is possible to explore 

how the individuals transition through care over time after enrolment into the EuroSIDA 

study and overcome some of the limitations of the cross-sectional approach (as 

described in Section 4.2.1). A closed population was followed for 2 years which allowed 

us to explore LTFU and mortality, which was not possible with the traditional cross-

sectional CoC. This tool will allow the assessment of improvements in services over time 

and highlight gaps where individuals are not accessing appropriate care.  

 

There were considerable regional differences in the longitudinal CoC, which corresponds 

with the findings from the cross-sectional CoC. However, it is not possible to directly 

compare the cross-sectional and longitudinal CoC. While repeating the cross-sectional 

CoC analysis showed an improvement from the 1/1/2015 index data to the 1/1/2017 

index date, the longitudinal method was able to provide a clearer picture of how the 

continuum changed over time. Overall, 15% of PMFU was spent with an unknown HCV-

RNA status, however this ranged from <7% in South, Central-West, and Northern Europe 

to >27% in Central-East and Eastern Europe, potentially reflecting differences in testing 

strategies across Europe. The overall percentage of individuals treated with DAAs was 

>20% in South, Central-West, and Northern Europe and <4% in Central-East and Eastern 

Europe. The change over time in treatment with DAAs was also substantially lower in 

Central-East and Eastern Europe. These findings highlight regional disparities in HCV 

diagnosis and access to DAA treatment. Also, not only is access to DAAs is lower in 

Central-East and Eastern Europe, but uptake over time of DAA is also slower. 
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4.2.4.1 Strengths and limitations 

There were also some limitations of longitudinal analysis, for example, the ‘HCV-RNA 

positive - treated’ stage included any individuals who started a HCV treatment regimen, 

regardless of whether they completed the regimen or the length of treatment. 

Therefore, some of the ‘HCV-RNA positive – treated’ individuals may have just started 

HCV treatment and will go on to reach SVR, as opposed to failing treatment or being 

reinfected. I wanted to explore how individuals who recently entered the cohort 

(enrolled before 1/1/2017) transitioned through care. Therefore, I was only able to 

follow up individuals for 2 years, as each individual included was required to have the 

potential for 2 years of FU. However, it would have been interesting to include longer 

follow-up to explore what happens more than 2 years after enrolment. This is the first 

time this approach has been applied to the HCV context, however more work is required 

to develop the longitudinal HCV CoC and establish a standardised way for reporting how 

individuals transition through care over time. Also, as mentioned in the discussion of 

Section 4.1 (4.1.4.6), EuroSIDA collects data from centres of excellence that may provide 

a higher standard of care than other centres in the region and may exclude HIV/HCV co-

infected individuals who face structural barriers to care. Therefore, these results might 

be showing an optimistic picture of the CoC. 

 

Our study also has several important strengths. The longitudinal method has several 

advantages over the cross-sectional approach, and this was one of the first studies to 

explore a method to describe the HCV continuum longitudinally. The proposed 

longitudinal CoC allowed description of the movement of individuals through HCV care 

over time and incorporate LTFU and mortality. This analysis demonstrates an alternative 

way to explore how HCV positive individuals transition through care. Although the 

longitudinal CoC uses a more complex analysis, it was presented in a single easy to 

understand figure like the cross-sectional CoC. Finally, the size of the EuroSIDA study 
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population and the fact that it includes data from clinics all over Europe is also a strength, 

as it also enables us to explore regional difference.  

 

4.3 Dissemination of results 

The cross-sectional CoC at the 1/1/2015 index date was presented as an oral at the 2017 

European Aids Conference (slides in Appendix V) and the manuscript was also published 

in HIV Medicine in 2019 (Appendix VI). The results in this chapter differ slightly from the 

published work, as a newer dataset was used for the results presented in this chapter to 

include more follow-up. 

  



 

214 
 

Chapter 5 Effectiveness and safety of IFN-free DAA HCV therapy in 

HIV/HCV co-infected individuals: Results from a pan-European study 

5.1 Introduction 

Globally, an estimated 36.7 million individuals were living with human immunodeficiency 

virus (HIV) in 2015, 2.3 million of whom were also co-infected with hepatitis C virus (HCV) 

in 2015 (227). If chronic HCV is untreated, individuals have an increased risk of 

developing life-threatening complications, with approximately 400000 individuals dying 

from HCV each year, mainly due to hepatocellular carcinoma (HCC) and liver cirrhosis 

(227). HIV and HCV co-infection is common due to shared routes of viral transmission, 

such as injecting drug use and sexual transmission in men who have sex with men (MSM), 

affecting 621000 individuals in the World Health Organisation (WHO) European Region 

in 2015 (227,453). Being co-infected with HIV (and not receiving antiretroviral therapy 

(ART)) accelerates HCV disease progression to cirrhosis and liver disease, especially if the 

individual has a CD4 count less than 200 cells/mm3 (248,454,455). HIV treatment 

guidelines now recommend starting ART at HIV diagnosis, but it is also important to 

identify and treat HCV as early as possible, to prevent the virus from causing 

complications, and spreading to other individuals (151).  

 

The 2030 agenda for Sustainable Development (described in Chapter 1 Section 1.1.1), 

included the target to combat hepatitis by 2030, which helped to make hepatitis a global 

health priority (11). The Global Health Sector Strategy on viral hepatitis calls for the 

elimination of viral hepatitis as a public health threat by 2030 (231). This would require 

a reduction in mortality by 65% (from 1.4 million to less than 500000) and a reduction in 

new infections by 90% (from 6-10 million to less than 1 million) by 2030 (231). These 

targets include providing HCV treatment to 80% of eligible patients which will lead to 

cure in more than 90% of patients and have a major impact on HCV-related mortality 

(456). A progress report on the 2016-2021 Global Health Sector Strategy published in 
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2019 highlighted universal coverage of prevention, diagnosis, treatment and care for key 

underserved and overlooked populations as a key point for realising HCV elimination 

(457). While there is inequity in the services provided for people who inject drugs (PWID), 

sex-workers, prisoners, and other disenfranchised individuals, PWID (who are usually 

criminalised) are often the hardest to reach population, with the lowest access to 

services (457). Globally, over 50% of PWID have chronic HCV (458), almost 25% of 

individuals newly infected with HCV inject drugs (8), and less than 1% of PWID live in 

countries with adequate harm reduction services (459). The progress report outlined key 

underserved and overlooked populations as the main tracers for achieving universal 

health coverage, however, there are very limited studies that include PWID (457).  

 

5.1.1 Introduction of DAAs 

Improvements in the understanding of HCV viral replication has led to the design of 

direct-acting antivirals (DAAs), which has revolutionised the HCV treatment landscape 

(223) (see Section 1.2.6). The first DAAs to be approved by the FDA were telaprevir and 

boceprevir in 2011 (which are no longer on the market), and since, many other DAAs 

have been approved which interfere with different stages of the HCV replication cycle 

(351,354,355). In contrast to interferon-based regimens, co-infection with HIV has not 

been found to reduce SVR rates in the DAA era, as large phase III trials report SVR rates 

over 95% in HIV/HCV co-infected individuals (351,405,406,460).  

 

5.1.2 Real-world data on DAAs 

Randomised controlled trials (RCTs) remain the gold standard for drug approval, 

however, participants are generally from limited patient populations that do not always 

reflect the general population that will be receiving the treatment post licencing (386). 

As mentioned, clinical trials have shown the SVR rate in mono and co-infected individuals 

to be similar. However, some real-world studies have shown that HIV/HCV co-infected 
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individuals have a lower rate of SVR (Table 5.1), and the complex comorbidities and 

potential for interaction with HIV treatment have increased concerns that these high SVR 

rates cannot be replicated in all real-world settings (461). A study carried out in a 

community care setting in New York included 253 mono-infected individuals and 74 co-

infected individuals treated with DAAs showed that individuals co-infected with HIV/HCV 

have a lower rate of SVR12 (86% vs 96%, p=0.005) (462). Two studies carried out in Spain 

also found individuals co-infected with HIV have a worse response to DAA regimens than 

mono-infected individuals (86.3% vs 94.9% and 92% vs 98%) (463,464). Also, a recent 

meta-analysis comparing the SVR rate in clinical trials to routine practice in HCV mono-

infected individuals with genotype 1 receiving simeprevir, sofosbuvir, and ribavirin, 

found that the pooled SVR12 rate was higher in RCT (94%) than in observational studies 

(84%) (465). 

 

However, a study carried out using the Veterans Affair Clinical Case Registry in HIV/HCV 

co-infected veterans with genotype 1 showed response rates of 86%-92% to DAAs 

depending on the HCV treatment regimen, with cirrhosis being associated with lower 

SVR rates (466). Boesecke et al. also found the rate of SVR to be similar between co- and 

mono-infected individuals in a real-world setting (94% vs 95%, p=0.684) (467). They 

found that individuals with sub-optimal immune function (CD4 count <350 cells/mm3) 

and liver cirrhosis had a lower rate of SVR (82.8%), and suggest these are the main driving 

forces for the difference between SVR rates for mono-infected and co-infected 

individuals found in other real-world studies (467). The largest real-world study of DAAs 

in HIV/HCV co-infected individuals was carried out in Spain and included 2369 individuals 

(468). They reported an SVR rate of 92% overall, however they also found SVR varied 

based on the severity of liver disease and HIV immunosuppression, as well as due to the 

use of suboptimal DAAs and gender (468). Therefore, the majority of real-world studies 

have confirmed SVR rates similar to those reported in clinical trials (413,466–469). 
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Table 5.1: Summary of DAA effectiveness in real-world studies in HIV/HCV co-infected individuals 

Reference Country Year Genotype Treatments n included 
SVR12  
n (%) 

Arias A et al. 
(464) 

Spain Completed treatment by end 
of 2015 

1a,1b, 3, 4 IFN-free DAA regimens: 
Sofosbuvir + ledipasvir ± ribavirin 
Sofosbuvir + daclatasvir ± ribavirin 
Sofosbuvir + simeprevir ± ribavirin 
Sofosbuvir + ribavirin 
 
Alternatively, HCV genotype 1 patients could be treated 
with: 
Ombitasvir + paritaprevir + ritonavir + dasabuvir ± ribavirin 

112 103 (92) 

Berenguer J et 
al. (468) 

Spain Nov 2014 - Aug 2016 1-4 IFN-free DAA regimens: 
Sofosbuvir + ledipasvir ± ribavirin 
Sofosbuvir + daclatasvir ± ribavirin 
Sofosbuvir + simeprevir ± ribavirin 
Sofosbuvir + ribavirin  
Ombitasvir +paritaprevir + ritonavir + dasabuvir ± ribavirin 
Ombitasvir +paritaprevir + ritonavir ± ribavirin 
Simeprevir + daclatasvir  
Sofosbuvir + simeprevir + daclatasvir  
Sofosbuvir + ombitasvir +paritaprevir + ritonavir 

2369 2180 (92) 

Bhattacharya 
D et al. (466) 

USA Started treatment before 30th 
Sep 2015 

1 IFN-free DAA regimens: 
Sofosbuvir + ledipasvir ± ribavirin 
Ombitasvir +paritaprevir + ritonavir + dasabuvir ± ribavirin 

905 823 (90.9) 

Boesecke C et 
al. (467) 

Germany Not mentioned, published in 
2017 

1-4 DAA regimen + pegylated interferon and ribavirin: 
Sofosbuvir  
 
IFN-free DAA regimens:  
Sofosbuvir + ribavirin  
Sofosbuvir + simeprevir 
Sofosbuvir + daclatasvir ± ribavirin  
Sofosbuvir + ledipasvir 
Ombitasvir + paritaprevir/ritonavir ± RBV and ± dasabuvir 

349 329 (94) 

Gayam V et al. 
(462) 

USA Jan 2014 - Jul 2017 1-4 IFN-free DAA regimens: 
Sofosbuvir + ribavirin  
Sofosbuvir + simeprevir 
Sofosbuvir + ledipasvir 

74 64 (86) 
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Sofosbuvir + ledipasvir + ribavirin  
Sofosbuvir + velpatasvir  
Elbasvir + grazoprevir  
Daclatasvir + ribavirin  
Ombitasvir + paritaprevir + ritonavir + dasabuvir  
Ombitasvir + paritaprevir + ritonavir + dasabuvir + ribavirin 

Milazzo L et 
al. (470) 

Italy Dec 2014 - Dec 2015 1-4 IFN-free DAA regimens: 
Ombitasvir + paritaprevir + ritonavir + dasabuvir 
Sofosbuvir + daclatasvir 
Sofosbuvir + simeprevir  
Sofosbuvir + ribavirin  
Sofosbuvir + ledipasvir 

58 53 (91) 

Monforte A et 
al. (471) 

Italy Jan 2013 - 15 Dec 2016 1-4 DAA regimen + pegylated interferon and ribavirin: 
Telaprevir  
Boceprevir 
Simeprevir 
Sofosbuvir 
 
IFN-free DAA regimens:  
Sofosbuvir + ledipasvir ± ribavirin 
Dofosbuvir + ribavirin 
Dofosbuvir + simeprevir ± ribavirin 
Daclatasvir + simeprevir ± ribavirin 
Ombitasvir + paritaprevir + ritonavir + ribavirin 
Ombitasvir + paritaprevir + ritonavir + dasabuvir + ribavirin 

585 545 (91.6) 

Neukam K et 
al. (463) 

Spain Oct 2011 - Aug/Sep 2011 1a,1b, 3, 4 DAA regimen + pegylated interferon and ribavirin: 
Telaprevir  
Boceprevir  
Simeprevir 
Sofosbuvir 
 
IFN-free DAA regimens:  
Sofosbuvir + ledipasvir 
Sofosbuvir + simeprevir  
Sofosbuvir + daclatasvir 
Ombitasvir + paritaprevir + ritonavir 
Ombitasvir + paritaprevir + ritonavir + dasabuvir 

256 221 (86.3) 
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Piroth L et al. 
(469) 

France Started treatment before 1st 
May 2015 

1-4, 6 IFN-free DAA regimens: 
Sofosbuvir + daclatasvir ± ribavirin 
Sofosbuvir + ribavirin 
Sofosbuvir + ledipasvir ± ribavirin 
Sofosbuvir + simeprevir ± ribavirin 
Daclatasvir + asunaprevir + ribavirin 
Sofosbuvir + simeprevir + daclatasvir 
Sofosbuvir + ledipasvir + daclatasvir 
Ombitasvir + paritaprevir + ritonavir-boosted + ribavirin  
Ombitasvir + paritaprevir + ritonavir-boosted + dasabuvir + 
ribavirin 

323 302 (93.5) 
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5.1.3 Safety of DAA treatment 

The EXPEDITION-2 study explored the safety of glecaprevir/pibrentasvir in HIV/HCV co-

infected individuals (406). They reported a number of grade 1 (mild) AEs and 4 serious 

AEs that were unrelated to glecaprevir/pibrentasvir. One individual had a grade ≥3 

(severe or potentially life-threatening) bilirubin AE, however, they did not find any grade 

3 or 4 AEs for elevations of ALT or AST (406). In the C-EDGE trial, there were only 2 serious 

adverse events, however there were also several common AEs, including fatigue (13%), 

headache (12%), and nausea (9%) (405). There were 3 individuals with a grade 3 ALT AE, 

2 with a grade 4 ALT AE, 1 with a grade 4 AST AE, and 1 individual who had a grade 3 

bilirubin AE (405).  

 

Milazzo et al. reported 62% of individuals had at least 1 AE; the most common were 

fatigue, headache and nausea, however none caused treatment discontinuation (470). 

There were 11 individuals (10%) with hyperbilirubinemia, 2 of whom were also receiving 

atazanavir (470). Among the 1505 individuals in the German hepatitis C cohort (GECCO) 

study, 7 individuals stopped treatment early due to AEs, however they did not report any 

grade 3 or 4 AEs (467). Piroth et al. reported 94 (30%) individuals had an AE related to 

HCV treatment (469). There were 11 individuals who stopped treatment early; 2 stopped 

due to intolerance and 1 due to lack of virological response, however reasons for 

discontinuation was unknown for the other 8 individuals (469). While the safety of DAAs 

in co-infected individuals has been described in trials, it is not well documented in larger 

real-world studies. 

 

5.1.4 Aims 

There were three main aims of this analysis:  
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1. To investigate the effectiveness of DAAs, describing the difference in the 

virological outcomes of DAA treatment by different risk groups and identifying 

factors associated with achieving SVR 

2. To explore the prevalence and reasons for premature discontinuation of DAAs  

3. To explore the prevalence of laboratory adverse events (AEs) during treatment, 

and examine the impact of DAA treatment regimens, ribavirin (RBV), fibrosis 

stage and treatment start date on laboratory values  

 

5.1.5 What this analysis adds 

Real-world data is important to assess how DAAs perform in individuals from different 

backgrounds, age groups, and with other medical conditions that would not necessarily 

be included in clinical trials, as well as to examine the long-term effects of DAA therapy 

(386). Some real-world studies on DAA effectiveness in HIV/HCV co-infected individuals 

have been carried out in Europe, however, data from Eastern Europe is still scarce. Flisiak 

et al. carried out two real-world studies in Poland which showed a high DAA effectiveness 

rate, however HIV positive individuals were not included (472,473). A study carried out 

in Hungary, which also showed high SVR rates, only included two HIV positive individuals 

and was therefore not powered to explore SVR among HIV/HCV co-infected individuals 

(474). Table 5.1 shows that so far, the majority of real-world studies in HIV/HCV co-

infected individuals have been carried out in Western Europe and the USA. Also, while 

current or former PWID are generally excluded from clinical trials, PWID makes up over 

half of the individuals included in this analysis. Therefore, this analysis also has the added 

benefit of including DAA effectiveness and safety data on individuals not well described. 

As mentioned in the Methods Chapter (Section 2.2.7), Cohort X of the EuroSIDA study 

exclusively enrolled anti-HCV positive individuals with the aim of exploring the adverse 

effects and benefits of DAA treatment in co-infection individuals. EuroSIDA 

systematically collected laboratory data during HCV treatment and information on early 
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treatment termination. This allows us to thoroughly describe the safety of DAAs, which 

has not previously been done in other cohort studies. 
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5.2 Methods 

This analysis was carried out using data from the EuroSIDA study’s (defined in chapter 2) 

D45 dataset which included data on 22830 individuals from 100 centres in 36 European 

countries, Israel and Argentina. The cohort and information on the collection of HCV data 

has been described in detail in Chapter 2, Section 2.2. 

 

5.2.1 Inclusion criteria 

Of the 22830 HIV-positive individuals included in the D45 dataset, 14687 were under 

follow-up (FU) at 1/6/14, 6889 of whom were ever anti-HCV positive, and 1234 of whom 

received an interferon-free DAA treatment regimen after 1/6/14. This analysis included 

individuals under follow-up in EuroSIDA that received interferon-free DAA therapy after 

1 June 2014, as this is when EuroSIDA began collecting detailed information about HCV 

treatment, including data on reasons for early discontinuation of HCV therapy and 

treatment-limiting toxicities of HCV therapy. All reported HCV treatment toxicities were 

reviewed by a clinician. Individuals who did not have at least 12 weeks of follow-up after 

stopping treatment were not included in this analysis (unless they died within 12 weeks 

of stopping treatment). Baseline was defined as the start date of DAA treatment. Figure 

5.1 shows a detailed description of how HIV/HCV co-infected individuals were selected 

for this analysis (those included outlined in red). A different subgroup of these individuals 

was included for each analysis; this is described in more detail in the results sections.
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Figure 5.1: Flowchart for inclusion in analysis 

Individuals under 
FU at 1/6/2014 

or later

N=14687

Ever anti-HCV 
positive 

n=6889

Started IFN-free 
DAA treatment 
after 1/6/2014

n=1234

Completed 
treatment

n=1189

12 weeks FU 
after stopping 

TRT

n=994

HCV-RNA result 
12 weeks after 

stopping 
treatment

n=812

SVR

n=765

Treatment 
failure

n=47

HCV-RNA result 
after stopping 

treatment 

n=95

End of treatment 
response

n=86

Treatment 
failure

n=9

Unknown 
response

n=87

Less than 12 
weeks FU after 
stopping TRT

n=195

Died

n=5

Insufficient FU

n=190

Stopped 
treatment early

n=45

12 weeks FU 
after stopping 

TRT

n=39

HCV-RNA result 
12 weeks after 

stopping 
treatment

n=30

SVR

n=24

Treatment 
failure

n=6

HCV-RNA result 
after stopping 

treatment

n=5

End of treatment 
response

n=3

Treatment 
failure

n=2

Unknown 
response

n=4

Less than 12 
weeks FU after 
stopping TRT

n=6

Died

n=4

Insufficient FU

n=2

Treatment  n 
Sofosbuvir/daclatasvir +/- RBV   8 
Sofosbuvir/simeprevir +/- RBV  4 
Sofosbuvir/ledipasvir +/- RBV  19 
Ombitasvir/paritaprevir +/- RBV  2 
Ombitasvir/paritaprevir/dasabuvir +/- RBV 7 
Grazoprevir/elbasvir +/- RBV  2 
Velpatasvir/sofosbuvir   2 
Glecaprevir/pibrentasvir   1 



 

225 
 

5.2.2 Definition of treatment outcomes 

The treatment outcomes were split into 4 categories, SVR (SVR12), treatment failure, 

end of treatment response, and unknown treatment response. Definitions for the 

different treatment outcomes can be found in Table 5.2 below. Individuals who achieved 

SVR or failed treatment were considered to have a known treatment response. 

Individuals who died during treatment or within 12 weeks of stopping treatment were 

considered treatment failures, however, individuals who had an unknown treatment 

response were not. 

 

Table 5.2: HCV treatment outcome definitions 
Treatment outcome Definition 

SVR/cure Individuals with undetectable HCV-RNA at 12 weeks or later after 
stopping DAA treatment 

Treatment failure Individuals who did not achieve SVR, with detectable HCV-RNA at 
the first measurement at the end of treatment or later, or 
individuals who died before SVR could be determined 

End of treatment response Individuals with undetectable HCV-RNA after treatment stopped but 
prior to 12 weeks after stopping treatment, and no further HCV-RNA 
at or after 12 weeks 

Unknown treatment response Individuals with no HCV-RNA data after stopping treatment 

 

5.2.3 Variables included in this analysis 

The baseline variables used in the different analyses have been described below in Table 

5.3. 

 

Table 5.3: Definitions of baseline variables included analysis 
Variable Levels Definitions and comments 

Age (years) Continuous (per 1 year older) and 
categorised as ≤50 and >50 years old 

 

Sex Male, female 
 

Region South/Argentina, Central - West, 
North, East/Central - East 

Defined in Chapter 2 Section 2.2 

Ethnicity White, Global majority, unknown 
 

HIV risk group MSM, PWID, heterosexual, and other 'Other' includes those with unknown risk group 

CD4 count (cells/mm3) Continuous (per 100/mm3) and 
categorised as ≤500, >500 
(cells/mm3), and unknown 

Most recent measurement prior to baseline 
(within one year), if not available then 
measurement up to 6 months of after baseline 
included  
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CD4 nadir (cells/mm3) Continuous (per 100/mm3) and 
categorised as ≤50, 50-200, and >200 
(cells/mm3), and unknown 

Lowest CD4 count prior to baseline, if not 
available then measurement up to 6 months of 
after baseline included  

HIV-RNA (cp/ml) ≤500, >500, unknown Most recent measurement prior to baseline 
(within one year), if not available then 
measurement up to 6 months of after baseline 
included 

Treatment regimen Sofosbuvir/ledipasvir +/- RBV, 
sofosbuvir/daclatasvir +/- RBV, 
ombitasvir/paritaprevir/dasabuvir +/- 
RBV, ombitasvir/paritaprevir +/- RBV, 
sofosbuvir/simeprevir +/- RBV, other 

The 5 most common treatment regimens are 
listed, the remaining treatments were 
categorised as ‘other’ 

Fibrosis F1, F2, F3, F4, unknown and ≤F3, F4* Determined by either a biopsy, FibroScan, APRI, 
or plasma hyaluronic acid levels measured 1 year 
prior to baseline 

HCV genotype G1, G2, G3, G4, unknown, and G1, 
other/unknown 

Included HCV genotype data measured at any 
time-point 

Ever received cART Yes, no Individual ever received cART (≥3 drugs) 
treatment prior to baseline 

Prior HCV treatment Yes, no Individual received any HCV treatment prior to 
regimen included in analysis 

Baseline Continuous (per 6 months later) and 
categorised as <2016 and ≥2016 

Date individual started their DAA treatment 

Treatment duration  Continuous (per 1 week later) and 
categorised as ≤12 and >12 weeks 

Calculated from DAA start date to first treatment 
stop  

Hepatitis B infection 
(HBV) 

Yes, no, unknown Defined using HBsAg surface antigen test or HBV 
DNA 

AIDS-defining event Yes, no Defined using CDC's 1993 definition (421) 

Non-AIDS defining 
illness (non-ADI) 

Yes, no Non-AIDS defining malignancy, cardiovascular 
disease (CVD), end-stage liver disease (ESLD), 
HCC, end-stage renal disease (ESRD), and 
pancreatitis (422) 

*Determined by either a biopsy (METAVIR stage F4), FibroScan (>12.5kPa), APRI (score >2), or hyaluronic acid 
(>150ng/mL)  
 

 

5.2.4 Statistical analysis 

5.2.4.1 Baseline characteristics 

Baseline characteristics of individuals with a known response were defined based on the 

most recent measurement prior to baseline. If an individual did not have a CD4 count or 

HIV-RNA value within 12 months prior to baseline, then a value up to 6 months after 

baseline was included instead. Categorical characteristics were described with numbers 

and percentages, while numerical variables were described with medians and 

interquartile ranges. Fibrosis stage was defined using a consensus definition (225), and 

was determined based on the most reliable fibrosis marker measured within one year 
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prior to the baseline. The most reliable fibrosis marker was considered to be a biopsy 

result, followed by a Fibroscan result, an APRI score, and plasma hyaluronic acid level. 

Information on how fibrosis data is collected and defined in EuroSIDA has been described 

in Chapter 2, Section 2.2.7 (245). The baseline characteristics of individuals who had a 

known treatment outcome were compared using the chi-squared test for categorical 

variables and the Kruskal-Wallis test for continuous variables.  

 

5.2.4.2 Stopping early 

Not all individuals completed their recommended treatment regimen, and the reasons 

for stopping treatment early were described. Median treatment times were also 

calculated and compared between those who completed their treatment regimen and 

stopped early. Not all individuals had information on whether they stopped treatment 

earlier than scheduled, therefore the proportion of individuals who stopped early was 

calculated as a proportion of the individuals with treatment completion data. 

 

5.2.4.3 Factors associated with known treatment response and SVR 

Logistic regression was used to calculate the odds of having a known response to DAAs 

(SVR or treatment failure compared to end of treatment response or unknown treatment 

response). Logistic regression was also used to determine factors associated with 

achieving SVR among those with a known treatment response. Variables described in 

Table 5.3 that were found to be significant in univariable analyses (p<0.1) were included 

in multivariable models. As regional differences were of particular interest it was 

included in the multivariable models, regardless of whether it was significant in 

univariable analysis (a priori). 
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5.2.4.4 Laboratory data 

Analysis of laboratory data was carried out on individuals who started treatment 

between 1 June 2014 and 1 October 2016, as this is when data on laboratory values 

(haemoglobin, leukocytes, neutrophils, platelet count, s-creatinine, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), 

and bilirubin) were systematically collected during HCV therapy by EuroSIDA. 

 

AEs 

The Division of AIDS (DAIDS) Table for Grading the Severity of Adult and Pediatric Adverse 

Events is a shared tool used to ensure consistency and accuracy when reporting the 

severity of AEs (475). Version 2.0 was released in 2014 and was used to determine the 

severity of AEs for different laboratory markers (Table 5.4) (475). The severity of AEs 

were graded from 1-4, where grade 1 indicates a mild event, grade 2 indicates a 

moderate event, grade 3 indicates a severe event, and grade 4 indicates a potentially 

life-threatening event (475). When multiple measurements were recorded during 

treatment, the most serious AE value was included, which was the lowest value for 

haemoglobin, leukocytes, neutrophils, platelet count, and the highest value for s-

creatinine, ALT, AST, ALP and bilirubin.  

 

Change in laboratory values over time 

Linear mixed-effects models (described in Chapter 2, Section 2.3.2.3) were used to 

explore factors associated with the change in laboratory values from pre-treatment 

(measured less than 6 months before starting treatment) to end of treatment (max 24 

weeks after starting treatment). Changes in haemoglobin, leukocytes, neutrophils, 

platelet count, s-creatinine, ALT, AST, ALP, and bilirubin were assessed as these 

laboratory values were collected systematically during HCV treatment by EuroSIDA. The 
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impact of DAA treatment regimen, RBV, fibrosis stage, and treatment start date on 

laboratory data was explored. DAA treatment regimen, RBV, fibrosis stage, and 

treatment start date were included in the models as a fixed effect, however, time from 

baseline and the intercept were included as random effects, which allow for the 

explanatory variables to vary between individuals. An unstructured covariance structure 

was used for all 9 models, which assumes that each variance and covariance is unique, 

and does not impose a structure on the variance for the intercept or the slope as they 

are not likely to be similar (476).  

 

SAS 9.4 was used for all analyses (version 9.4; SAS Institute, Cary, North Carolina, USA). 
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Table 5.4: DAIDS AE grading table (475)  

Laboratory test ULN* Sex 
Grade 

1 2 3 4 

Haemoglobin (g/dL) n/a 
Male 10.0 to 10.9 9.0 to < 10.0 7.0 to < 9.0 < 7.0 

Female 9.5 to 10.4 8.5 to < 9.5 6.5 to < 8.5 < 6.5 

Leukocytes (cells/mm3) n/a Both 2,000 to 2,499 1,500 to 1,999 1,000 to 1,499 < 1,000 

Neutrophils (cells/mm3) n/a Both 800 to 1,000 600 to 799 400 to 599 < 400 

Platelet count (cells/mm3) n/a Both 100,000 to < 124,999 50,000 to < 100,000 25,000 to < 50,000 < 25,000 

S-creatinine (mg/dL) 1.2 Both 1.1 to 1.3 x ULN > 1.3 to 1.8 x ULN > 1.8 to < 3.5 x ULN ≥ 3.5 x ULN 

ALT† (IU/L) 40 Both 1.25 to < 2.5 x ULN 2.5 to < 5.0 x ULN 5.0 to < 10.0 x ULN ≥ 10.0 x ULN 

AST‡ (IU/L) 40 Both 1.25 to < 2.5 x ULN 2.5 to < 5.0 x ULN 5.0 to < 10.0 x ULN ≥ 10.0 x ULN 

ALP§ (IU/L) 70 Both 1.25 to < 2.5 x ULN 2.5 to < 5.0 x ULN 5.0 to < 10.0 x ULN ≥ 10.0 x ULN 

Bilirubin (mg/dL) 1 Both 1.1 to < 1.6 x ULN 1.6 to < 2.6 x ULN 2.6 to < 5.0 x ULN ≥ 5.0 x ULN 

Grades: 1 – mild, 2 – moderate, 3 – severe, 4 – potentially life-threatening  
*ULN: Upper limit of normal, †ALT: Alanine aminotransferase, ‡AST: Aspartate aminotransferase, §ALP: Alkaline phosphatase 
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5.3 Results 

The results are split into 9 sub-sections which include different analyses. Overall, there 

were 1042 individuals included (see Figure 5.1), however, different subsets of the 1042 

individuals were included in each analysis, which is summarised in Table 5.5. 

 

Table 5.5: Description of individuals included in each analysis 

Section Analysis n included 

5.3.1 Study population and treatment 
regimens 

Description of individuals eligible 1234 

Comparison of those included and excluded 1042 vs 192 

5.3.2 Virological response to treatment Description of treatment outcomes 1042 

5.3.3 Predictors of known treatment 
response  

Odds of known response to treatment (vs 
unknown) 

862 vs 180 

5.3.4 Baseline characteristics of individuals 
with a known response to HCV treatment 

Comparison between individuals with SVR and 
treatment failure 

789 vs 73 

5.3.5 Predictors of SVR Odds of SVR (vs treatment failure) 789 vs 73 

5.3.6 Reasons for stopping treatment early 
Individuals with treatment stopping data 935 

Description of reasons for stopping early 43 

5.3.7 Laboratory adverse events 
Description of individuals eligible 555 

Comparison of those with and without data 511 vs 44 

5.3.8 Laboratory values over time Mixed-effects modelling  545 

5.3.9 Sensitivity analysis  
Investigation of association between non-ADI 
and SVR  

1042 

 
 

5.3.1 Study population and treatment regimens 

Among the 1234 individuals who started interferon-free DAA treatment between 

1/6/2014 and 1/3/2018, 1033 individuals had at least 12 weeks of FU after ending 

treatment, and 9 individuals died within 12 weeks of stopping treatment, therefore 1042 

individuals were included in this analysis and all subsequent results relate to this cohort. 

Individuals not included due to limited FU after stopping treatment were more likely to 

be ≤50 years old, from Eastern Europe, receive other treatment regimens, started 

treatment ≥2016, and less likely to have a non-ADI, fibrosis F3 or F4, genotype 1, or 

previously received a HCV treatment. Most individuals included in this analysis received 
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a DAA regimen consisting of sofosbuvir/ledipasvir +/- RBV (n=501, 48.1%), 17.6% (n=183) 

received sofosbuvir/daclatasvir +/- RBV, 12.8% (n=133) received 

ombitasvir/paritaprevir/dasabuvir +/- RBV, 5.0% (n=52) received ombitasvir/paritaprevir 

+/- RBV, 4.7% (n=49) received sofosbuvir + RBV, and the remaining 11.9% (n=124) 

received other combinations of DAAs +/- RBV (Figure 5.2). Of the 1255 individuals 

included in this analysis, 379 (36.4%) had RBV included in their DAA regimen. The 

proportion of individuals with cirrhosis was higher among those treated with RBV 

(112/379 = 29.6%) compared to those not treated with RBV (88/663 =13.3) (p<0.0001). 

 

Figure 5.2: Treatment regimens of 1042 individuals included in analysis 

 
*Other: sofosbuvir/simeprevir +/- RBV (n=44, 4.2%), grazoprevir/elbasvir +/- RBV (n=40, 3.8%), 
velpatasvir/sofosbuvir (n=25, 2.4%), glecaprevir/pibrentasvir (n=11, 1.1%), and daclatasvir/simeprevir +/- RBV (n=4, 
0.4%) 
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5.3.2 Virological response to treatment 

Among the 1042 individuals included in this analysis, 789 (75.7%, 95% CI=73.1-78.3) 

individuals achieved SVR; 73 (7.0%, 95% CI=5.5-8.6) were treatment failures (this 

included 9 deaths within 12 weeks of stopping treatment); 89 (8.5%, 95% CI=6.8-10.2) 

had a negative HCV-RNA result after stopping treatment (but had no follow-up HCV-RNA 

result 12 weeks after stopping treatment); and 91 (8.7%, 95% CI=7.0-10.4) had an 

unknown treatment response. Therefore, 862/1042 (82.7%, 95% CI=80.4-85.0) 

individuals had a known response to their HCV treatment while 180/1042 (17.3%, 95% 

CI=15.0-12.6) had an unknown response. Among the 862 individuals with a known 

response to treatment, 789 (91.5%, 95% CI=89.7-93.4) achieved SVR and 73 (8.5%, 95% 

CI=6.7-10.3) were treatment failures, 12 of whom had stopped treatment early. 

 

5.3.3 Predictors of known treatment response  

In univariable analysis, certain baseline characteristics were associated with a lower odds 

of having a known response to treatment, such as individuals from East/Central – Eastern 

Europe (compared to Southern Europe) [odds ratio (OR)=0.50, 95% confidence interval 

(CI) 0.31-0.79], those who received other treatment regimens (compared to 

sofosbuvir/ledipasvir +/- RBV) [OR=0.36, 95% CI=0.23-0.55], individuals who started 

treatment after 2016 [OR=0.51, 95% CI=0.37-0.71], and individuals with HCV genotype 

2-4 [OR=0.71, 95% CI=0.51-0.97]. Individuals who previously received HCV treatment 

were more likely to have a known response to treatment [OR=1.44, 95% CI=1.03-2.02], 

as were individuals who received ombitasvir/paritaprevir/dasabuvir +/- RBV [aOR=1.86, 

95% CI=0.98-3.53], however this finding was only marginally significant.  

 

In multivariable analysis, individuals with an unknown treatment outcome were similar 

to those with a known treatment outcome, but less likely to have started treatment in 



 

234 
 

2016 or later [adjusted odds ratio (aOR)=0.62, 95% (CI) 0.43-0.88], less likely to be on 

‘other’ treatment regimens, and individuals on ombitasvir/paritaprevir/dasabuvir +/- 

RBV had a higher odds of having a known response to treatment [aOR=0.41, 95% 

CI=0.26-0.65] (Figure 5.3). After adjustment region, HCV genotype, and prior HCV 

treatment were no longer significantly associated with the odds of having a known HCV 

treatment response. 

 

Figure 5.3: Multivariable factors associated with odds of having a known treatment response 

 
Logistic regression model adjusted for variables shown  
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5.3.4 Baseline characteristics of individuals with a known response to HCV treatment 

The majority of the 862 individuals with a known response to HCV treatment were male 

(78.0%), of white ethnicity (89.3%), and had a median age of 51 years old (interquartile 

range [IQR]: 45-55) (Table 5.6). The most common route of HIV transmission was PWID 

(54.9%), followed by MSM (23.7%), heterosexual (12.9), and other transmission routes 

(8.6%). The median CD4 count was 605 cells/mm3 (IQR: 431-813), and 94.9% of 

individuals had an HIV-RNA value below 500 cp/ml, 96.9% of whom had ever received 

cART. Of the 862 individuals with a known response, 772 (89.6%) had been genotyped. 

Among those genotyped, genotype 1 was the most common (64.2%), followed by 

genotype 4 (17.5%), genotype 3 (16.5%), and genotype 2 (1.8%). 817 (94.8%) individuals 

had at least one liver fibrosis marker recorded one year prior to their treatment start 

data; 25 had a liver biopsy, 491 had a FibroScan, 759 had lab data available to calculate 

their APRI score, and 0 individuals had plasma hyaluronic acid levels recorded. The most 

reliable biomarker was used (as described in the methods), therefore of the 817 

individuals with a fibrosis marker, 25 were based on a biopsy result, 482 were based on 

FibroScan, and 310 were based on an APRI score. 24.4% of individuals with a fibrosis 

marker had cirrhosis (METAVIR stage F4).  

 

The proportion of individuals who achieved SVR was significantly different based on 

fibrosis stage (p=0.0122), as those with fibrosis F0-F3 had a SVR rate over 93.2%, while 

those with fibrosis F4 had a SVR rate of 86.4%. Individuals of white ethnicity had an SVR 

rate of 92.9%, individuals from the global majority had a SVR rate of 88.0%, while those 

with unknown ethnicity had SVR of 77.6% (p=0.0003). There were 163 (18.9%) 

individuals who had a previous non-ADI, the most common non-ADI was ESLD (excluding 

HCC) (n=58), followed by CVD (n=55), non-AIDS defining malignancy (excluding HCC) 

(n=46), pancreatitis (n=21), HCC (n=17), and ESRD (n=9). The proportion of individuals 

who achieved SVR was significantly lower among individuals who had a non-ADI 

compared to those that did not (86.5% vs 92.7%; p=0.0105).   
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Table 5.6: Baseline characteristics at time starting treatment in individuals with a known SVR 
status 

    Overall SVR Treatment 
failure 

p-
value 

    n (%) 

 Overall 862 (100.0) 789 (91.5) 73 (8.5) 

Sex Male 672 (78.0) 612 (91.1) 60 (8.9) 0.3617 

Female 190 (22.0) 177 (93.2) 13 (6.8) 

Ethnicity White 770 (89.3) 715 (92.9) 55 (7.1) 0.0003 

Global majority 25 (2.9) 22 (88.0) 3 (12.0) 

Unknown 67 (7.8) 52 (77.6) 15 (22.4) 

Region of 
Europe 

South/Argentina 341 (39.6) 309 (90.6) 32 (9.4) 0.838 

Central - West 287 (33.3) 264 (92.0) 23 (8.0) 

North 117 (13.6) 107 (91.5) 10 (8.5) 

East/Central - East 117 (13.6) 109 (93.2) 8 (6.8) 

HIV risk group MSM* 204 (23.7) 190 (93.1) 14 (6.9) 0.2134 

PWID† 473 (54.9) 425 (89.9) 48 (10.1) 

Heterosexual 111 (12.9) 103 (92.8) 8 (7.2) 

Other 74 (8.6) 71 (95.9) 3 (4.1) 

HIV-RNA 
(cp/ml) 

≤500 818 (94.9) 747 (91.3) 71 (8.7) 0.4232 

>500 10 (1.2) 9 (90.0) 1 (10.0) 

Unknown 34 (3.9) 33 (97.1) 1 (2.9) 

Non-ADI† No 699 (81.1) 648 (92.7) 51 (7.3) 0.0105 

Yes 163 (18.9) 141 (86.5) 22 (13.5) 

Baseline date <2016 477 (55.3) 430 (90.1) 47 (9.9) 0.1041 

≥2016 385 (44.7) 359 (93.2) 26 (6.8) 

Fibrosis‡ F0-F3 408 (47.3) 378 (92.6) 30 (7.4) 0.0372 

F4 90 (10.4) 87 (96.7) 3 (3.3) 

Unknown 120 (13.9) 111 (92.5) 9 (7.5) 

HCV genotype G1 199 (23.1) 172 (86.4) 27 (13.6) 0.5649 

G2 45 (5.2) 41 (91.1) 4 (8.9) 

G3 496 (57.5) 459 (92.5) 37 (7.5) 

G4 14 (1.6) 13 (92.9) 1 (7.1) 

Unknown 127 (14.7) 116 (91.3) 11 (8.7) 

Ever received 
cART 

No 135 (15.7) 122 (90.4) 13 (9.6) 0.735 

Yes 90 (10.4) 79 (87.8) 11 (12.2) 

Prior HCV 
treatment 

No 30 (3.5) 27 (90.0) 3 (10.0) 0.5471 

Yes 832 (96.5) 762 (91.6) 70 (8.4) 

HCV-RNA 
(IU/ml) 

<500000 501 (58.1) 461 (92.0) 40 (8.0) 0.0167 

≥500000  361 (41.9) 328 (90.9) 33 (9.1) 

Positive (unknown 
value) 

195 (22.6) 179 (91.8) 16 (8.2) 

    Median (IQR) 
 

Age (years) 51 (45-55) 51 (45-55) 52 (46-54) 0.2446 

CD4 count (cells/mm3)  605 (431-813) 612 (433-822) 580 (380-747) 0.0925 

CD4 nadir (cells/mm3) 160 (72-265) 160 (70-265) 180 (77-264) 0.5251 

*MSM: Men who have sex with men, †PWID: People who inject drugs 
†Non-ADI: non-AIDS defining malignancy, cardiovascular disease (CVD), end-stage liver disease (ESLD), HCC, end-
stage renal disease (ESRD), pancreatitis 
‡Determined by either a biopsy, FibroScan, APRI, or plasma hyaluronic acid levels 
n with CD4 count = 829, n with CD4 nadir = 858 
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There was also a significant difference in the proportion of individuals who achieved SVR 

based on DAA treatment regimen (p=0.0021) (Figure 5.4). SVR was highest among 

individuals treated with ombitasvir/paritaprevir +/- RBV (94.9%) and was lowest in those 

treated with sofosbuvir/simeprevir +/- RBV (74.4%). The level of fibrosis also varied 

between treatment groups (p<0.0001), as 48.7% of individuals treated with 

sofosbuvir/simeprevir had cirrhosis, compared to only 15.7% of individuals of treated 

with ombitasvir/paritaprevir/dasabuvir +/- RBV (Table 5.7). The majority of individuals 

treated with ombitasvir/paritaprevir +/- RBV had genotype 2-4 (76.9%) as opposed to 

genotype 1 (7.7%). Very few individuals treated with ombitasvir/paritaprevir/dasabuvir 

+/- RBV had genotype 2-4 (3.3%). 

 

Figure 5.4: Difference in treatment outcome by treatment regimen 

 
*Other: sofosbuvir +/- RBV (n=33, 3.8%), grazoprevir/elbasvir +/- RBV (n=25, 2.9%), velpatasvir/sofosbuvir (n=15, 
1.7%), glecaprevir/pibrentasvir (n=8, 0.9%), and daclatasvir/simeprevir +/- RBV (n=4, 0.5%)
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Table 5.7: Treatment regimen by baseline fibrosis level and HCV genotype  
  

 Treatment regimen 

P-value 

  

Overall 
Sofosbuvir/ 

ledipasvir +/- 
RBV 

Sofosbuvir/ 
daclatasvir +/- 

RBV 

Ombitasvir/ 
paritaprevir/ 

dasabuvir +/- RBV 

Ombitasvir/ 
paritaprevir +/- 

RBV 

Sofosbuvir/ 
simeprevir +/- 

RBV 
Other 

  
n (%) 

Overall 
 

862 (100.0) 423 (49.1) 155 (18.0) 121 (14.0) 39 (4.5) 39 (4.5) 85 (9.9) 

Fibrosis <F4 618 (71.7) 338 (79.9) 87 (56.1) 96 (79.3) 26 (66.7) 19 (48.7) 52 (61.2) <0.0001 

≥F4* 199 (23.1) 69 (16.3) 57 (36.8) 19 (15.7) 8 (20.5) 19 (48.7) 27 (31.8) 

Unknown 45 (5.2) 16 (3.8) 16 (3.8) 6 (5.0) 5 (12.8) 1 (2.6) 6 (7.1) 

Genotype G1 496 (57.5) 294 (69.5) 39 (25.2) 107 (88.4) 3 (7.7) 25 (64.1) 28 (32.9) <0.0001 

G2-G4 276 (32.0) 79 (18.7) 104 (67.1) 4 (3.3) 30 (76.9) 11 (28.2) 48 (56.5) 

Unknown 90 (10.4) 50 (11.8) 12 (7.7) 10 (8.3) 6 (15.4) 3 (7.7) 9 (10.6) 

*Either a biopsy (METAVIR stage F4), FibroScan (>12.5kPa), APRI (score >2), or hyaluronic acid (>250ng/mL) at baseline 
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5.3.5 Predictors of SVR 

The odds of achieving SVR was assessed in individuals with a known response to HCV-

RNA treatment (n=862). In univariable analysis, non-ADI [OR=0.50, 95% CI=0.30-0.86], 

receiving sofosbuvir/simeprevir +/- RBV or other treatment regimens (compared to 

sofosbuvir/ledipasvir +/- RBV) [OR=0.17, 95% CI=0.08-0.40 and OR=0.45, 95% CI=0.21-

0.98, respectively], and fibrosis stage F4 (compared to fibrosis ≤F3) [OR=0.47, 95% 

CI=0.28-0.78] were associated with a lower odds of SVR. There was no evidence of a 

difference between individuals who had a HCV-RNA result ≥500000 IU/ml or <500000 

IU/ml, however those with an unknown level of viremia had a lower odds of achieving 

SVR compared to those with an HCV-RNA value <500000 IU/ml. There was also 

borderline evidence that individuals who started treatment later (per 6 months later 

after 1/6/2014) had a higher odds of SVR (p=0.0652). 

 

After adjustment for these variables (with p<0.1) and region, factors found to decrease 

the odds of achieving SVR were having a non-ADI [aOR=0.53, 95% CI=0.23-0.95], 

receiving sofosbuvir/simeprevir +/- RBV [aOR=0.21, 95% CI=0.08-0.53] (compared to 

sofosbuvir/ledipasvir +/- RBV), and having an unknown level of HCV-RNA viremia 

[aOR=0.50, 95% CI=0.25-0.99] (Figure 5.5). In post hoc analysis a potential interaction 

between risk group and region was explored, however this was not significant (p>0.1). 

Age group, sex, ethnicity, HIV risk group, CD4 count, CD4 nadir, HIV-RNA, AIDS event, 

treatment duration (≤12 weeks vs >12 weeks), HCV genotype, cART, prior HCV 

treatment, and HBV co-infection were not included in the model as they either had p>0.1 

in the univariable analysis (there was no evidence of an association with SVR), or there 

was insufficient data to explore the association. 
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Figure 5.5: Factors associated with odds of achieving SVR  

 
Logistic regression model adjusted for variables shown and unknown fibrosis stage 
*Non-ADI: non-AIDS defining malignancy, cardiovascular disease (CVD), end-stage liver disease (ESLD), HCC, end-
stage renal disease (ESRD), pancreatitis 
†Either a biopsy (METAVIR stage F4), FibroScan (>12.5kPa), APRI (score >2), or hyaluronic acid (>250ng/mL) at 
baseline 
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5.3.6 Reasons for stopping treatment early 

Of the 1042 individuals included in this analysis, 935 (89.7%) individuals had information 

on whether they stopped treatment earlier than scheduled. Of these, 43 (4.6%) 

individuals had one or more components of their HCV regimen stopped early. Of the 43 

individuals who stopped treatment early, 24 (55.8%) achieved SVR, 12 (27.9%) were 

treatment failures (including 4 deaths within 12 weeks of stopping treatment), and 7 

(16.2%) had an unknown treatment response. After adjustment, individuals with 

cirrhosis had a higher odds of stopping treatment early compared to individuals with 

fibrosis ≤F3 [aOR=2.32, 95% CI=1.16-4.66]. Not all individuals stopped their entire 

treatment regimen, as 14/43 (32.6%) individuals only stopped RBV early.  

 

The most common reason for stopping treatment early was reported AEs (n=14, 12 of 

whom were on RBV). There were 11 individuals who only stopped RBV and continued 

the remainder of the DAA treatment, 9 of whom had a known response to treatment 

and 8 (88.9%) who achieved SVR12. The most common AE was anaemia (n=8), followed 

by, rash (n=2), neuropathy (n=1), tiredness, dizziness, anorexia (n=1), intolerance, rash, 

fatigue, and abdominal pain (n=1), and nausea and vomiting (n=1). Other reasons for 

stopping treatment early were substance abuse (n=4), physicians decision (n=4), patients 

decision (n=2), virological failure (n=2), drug interaction (n=2), drug out of stock (n=1), or 

lost to follow-up (n=1), with 13 individuals having other/unknown reasons for stopping 

early. Two individuals died during treatment, and two individuals died within 12 weeks 

of stopping treatment. The median treatment time for those that stopped treatment 

early was 8 weeks (IQR: 4-12). Those who stopped treatment early due to AEs were 

treated for a median of 9 weeks (IQR: 4-14), and those with non-AE reasons for stopping 

treatment were also treated for a median of 8 weeks (IQR: 4-12). Individuals who did not 

have any reported treatment interruption were treated for a median of 12 weeks (IQR: 

12-15).  
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5.3.7 Laboratory adverse events 

555 individuals were eligible for this analysis as they started HCV treatment between 

1/6/2014 and 1/10/2016. Of those eligible, 511 (92.1%) had laboratory data available 

during their treatment regimen and were included in this analysis. Differences between 

individuals included in this analysis and excluded from this analysis were explored using 

the chi-squared (or fisher’s) test. After adjustment, individuals included in this analysis 

were less likely to have started HCV treatment after 2016 compared to the 44 individuals 

without lab data available during their HCV treatment regimen.  

 

Table 5.8 shows the number of individuals with laboratory AEs during HCV treatment 

(graded 1 to 4) and pre-treatment laboratory abnormalities for different biomarkers. Of 

the 511 individuals included in this analysis, 363 (71.0%) had at least 1 AE, and overall 

770 AEs were recorded among them. The median time to AE was shorter for ALT (4.1 

weeks) and AST (4.9 weeks) compared to neutrophils (11.0 weeks) and s-creatinine (9.7 

weeks), which occurred later on in the treatment regimen. The majority of 770 AEs 

during treatment were grade 1 or 2 (651, 84.5%) as opposed to grade 3 or 4 (119, 15.5%). 

Among the 363 individuals with an AE, 344 had a grade 1 or 2 AE and 87 had a grade 3 

or 4 AE. The highest proportion of AEs during treatment was for elevated ALP (54.6%), 

followed by bilirubin (43.7%), and platelet count (28.6%), with a small proportion of 

individuals with neutropenia (1.3%) and leukopenia (3.0%). The most common grade 3 

or 4 AEs during treatment was raised bilirubin levels (15.3%), followed by reduced 

platelet count (5.1%) and haemoglobin (1.6%), and increased ALT (1.4%). Among those 

with a grade 3 or 4 ALT elevation, one individual was HBsAg positive and received 

lamivudine as the only HBV active treatment. There is no information about the HBV-

DNA levels during HCV treatment. Of the 119 grade 3 or 4 AEs that occurred during 

treatment, 57.1% occurred in individuals on RBV. Also, 56.7% of the 67 individuals with 

a grade 3 or 4 bilirubin AE were on atazanavir.  
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There were only 0-2 potentially life-threatening AEs during treatment for each of 

haemoglobin, leukocyte, neutrophils, platelet count, and s-creatinine and 7 grade 4 ALT 

AEs, however there were 17 grade 4 bilirubin AEs. The majority of the 17 individuals with 

bilirubin grade 4 AEs were over 50 years old (n=15), male (n=12), white (n=16), from 

Southern Europe (n=14), PWIDs (n=11), had HCV genotype 1 (n=14), and received 

atazanavir (n=12). There were 6 (35.3%) individuals who had cirrhosis and 3 (17.6%) who 

had liver fibrosis stage F3. The most common treatment regimen was 

ombitasvir/paritaprevir/dasabuvir +/- RBV (n=6), followed by sofosbuvir/simeprevir +/- 

RBV (n=5), sofosbuvir/ledipasvir +/- RBV (n=3), other (n=2), and sofosbuvir/daclatasvir 

+/- RBV (n=1). There were 446 individuals with pre-treatment laboratory data, 335 

(74.1%) of whom had an abnormality. The highest proportion of pre-treatment 

abnormalities were ALT (58.6%), ALP (48.7%) and AST (48.2%) elevations.



 

 

 Table 5.8: Number of laboratory adverse events during treatment by grade 

Biomarker 

Baseline 
During treatment 

n with 
data 

AEs 
Median 

time to AE 
(weeks) 

Grade Grade 3 or 4 AE 

n with 
data 

Abnormality 1 2 3 4 Overall On RBV On ATZ* 

Haemoglobin 
(g/dL) 

385 4 (1.0) 451 43 (9.5) 7.1 26 (5.8) 10 (2.2) 6 (1.3) 1 (0.3) 7 (1.6) 4 (57.1) 1 (14.3) 

Leukocytes 
(cells/mm3) 

334 4 (1.2) 365 11 (3.0) 7.9 8 (2.2) 1 (0.3)  2 (0.5) 2 (0.5) 1 (50.0)  

Neutrophils 
(cells/mm3) 

193 1 (0.5) 227 3 (1.3) 11.0 2 (0.9)   1 (0.4) 1 (0.4) 1 (100.0)  

Platelet count 
(cells/mm3) 

403 102 (25.3) 493 141 (28.6) 5.1 63 (12.8) 53 (10.8) 24 (4.9) 1 (0.2) 25 (5.1) 11 (44.0) 7 (28.0) 

S-creatinine 
(mg/dL) 

364 26 (7.1) 450 39 (8.7) 9.7 19 (4.2) 15 (3.3) 3 (0.7) 2 (0.4) 5 (1.1) 1 (20.0) 1 (20.0) 

ALT† (IU/L) 399 234 (58.6) 488 95 (19.5) 4.1 70 (14.3) 18 (3.7) 5 (1.0) 2 (0.4) 7 (1.4) 4 (57.1) 3 (42.9) 

AST‡ (IU/L) 392 189 (48.2) 463 74 (16.0) 4.9 62 (13.4) 10 (2.2)  2 (0.4) 2 (0.4) 1 (50.0)  

ALP§ (IU/L) 275 134 (48.7) 315 172 (54.6) 7.7 152 (48.3) 17 (5.4) 3 (1.0)  3 (1.0) 1 (33.3)  

Bilirubin 
(mg/dL) 

367 91 (24.8) 439 192 (43.7) 5.9 71 (16.2) 54 (12.3) 50 (11.4) 17 (3.9) 67 (15.3) 44 (65.7) 38 (56.7) 

Grades: 1 – mild, 2 – moderate, 3 – severe, 4 – potentially life-threatening  
*ATZ: Atazanavir, †ALT: Alanine aminotransferase, ‡AST: Aspartate aminotransferase, §ALP: Alkaline phosphatase 
When multiple measurements were recorded during treatment, the lowest value was included for haemoglobin, leukocytes, neutrophils, platelet count, and the highest value 
was included for s-creatinine, ALT, AST, ALP and bilirubin 



 

 
 

To compare baseline abnormalities and during treatment AEs, I restricted the analysis to 

those with data both pre-treatment and during treatment data (n=412). Table 5.9 below 

shows the number of individuals without a pre-treatment abnormality that later had an 

AE during treatment. Overall, there were 176 AEs, 161 (91.5%) of which were grade 1 or 

2 AEs, and 15 (8.5%) grade 3 or 4 AEs. The highest proportion of AEs were bilirubin 

(23.0%) and ALP (23.0%) elevations. The lowest proportion of AEs were neutrophil (0.6%) 

and leukocyte (3.2%) reductions, and ALT (3.4%) increases. The grade 3 or 4 AEs during 

treatment were raised bilirubin (3.0%) and ALT (0.7%) levels, and decreased 

haemoglobin (1.5%), leukocyte (0.4%), and platelet count (0.4%) levels.  

 

Table 5.9: Summary of laboratory adverse events at baseline and during treatment 

Biomarker 
n with 
data 

AEs 
Grade Grade 3 

or 4 1 2 3 4 

Haemoglobin (g/dL) 328 29 (8.8) 16 (4.9) 8 (2.4) 4 (1.2) 1 (0.3) 5 (1.5) 

Leukocytes (cells/mm3) 278 9 (3.2) 7 (2.5) 1 (0.4)  1 (0.4) 1 (0.4) 

Neutrophils (cells/mm3) 165 1 (0.6) 1 (0.6)     

Platelet count (cells/mm3) 271 25 (9.2) 21 (7.7) 3 (1.1) 1 (0.4)  1 (0.4) 

S-creatinine (mg/dL) 318 14 (4.4) 11 (3.5) 3 (0.9)    

ALT* (IU/L) 146 5 (3.4) 3 (2.1) 1 (0.7)  1 (0.7) 1 (0.7) 

AST† (IU/L) 170 9 (5.3) 7 (4.1) 2 (1.2)    

ALP‡ (IU/L) 100 23 (23.0) 23 (23.0)     

Bilirubin (mg/dL) 234 61 (26.1) 33 (14.1) 21 (9.0) 5 (2.1) 2 (0.9) 7 (3.0) 

Grades: 1 or 2 – mild or moderate, 3 or 4 – severe or potentially life-threatening  
*ALT: Alanine aminotransferase, †AST: Aspartate aminotransferase, ‡ALP: Alkaline phosphatase 

 
 

5.3.8 Laboratory values over time 

5.3.8.1 Description of longitudinal data 

There were 545 individuals with either baseline laboratory data or data during 

treatment. The number of individuals and observations included in the analysis for each 

laboratory test varied, ranging from 254 individuals (558 observations) for neutrophils 

to 535 individuals (1451 observations) for platelet count (Table 5.10). The data was 

unbalanced, as individuals had a varying number of laboratory tests from baseline to 24 



 

 
 

weeks, ranging from 1 test to 17 tests. However, the median number of tests per 

individual was 2 (IQR: 2-3) for all laboratory tests. The median time between 

observations also varied between the biomarkers and ranged from a median of 3.6 (IQR: 

1.4-6.4) weeks for ALP tests, to 5.7 (IQR: 3.6-9.0) weeks for neutrophil tests.  

 

Table 5.10: Description of longitudinal data included in mixed-effects models 

Biomarker n Observations 
Lab tests per individual 

Time between lab test 
(weeks) 

Min - Max 
Median 

(IQR) 
Min - Max Median (IQR) 

Haemoglobin (g/dL) 504 1314 1 - 17 2 (2-3) 0.1 - 24.0 4.0 (2.0-8.0) 

Leukocytes (cells/mm3) 418 1152 1 - 17 2 (2-3) 0.1 - 22.7 3.7 (1.7-6.4) 

Neutrophils (cells/mm3) 254 558 1 - 7 2 (2-3) 0.1 - 24.0 5.7 (3.6-9.0) 

Platelet count (cells/mm3) 535 1451 1 - 17 2 (2-3) 0.1 - 24.0 3.9 (2.0-7.5) 

S-creatinine (mg/dL) 476 1298 1 - 16 2 (2-3) 0.1 - 24.0 4.0 (2.0-7.9) 

ALT (IU/L) 529 1440 1 - 16 2 (2-3) 0.1 - 24.0 3.9 (2.0-7.3) 

AST (IU/L) 515 1364 1 - 16 2 (2-3) 0.1 - 23.3 4.0 (2.0-7.7) 

ALP (IU/L) 378 909 1 - 15 2 (1-3) 0.1 - 24.0 3.6 (1.4-6.4) 

Bilirubin (mg/dL) 490 1279 1 - 15 2 (2-3) 0.1 - 24.0 4.0 (2.0-8.0) 

*ALT: Alanine aminotransferase, †AST: Aspartate aminotransferase, ‡ALP: Alkaline phosphatase 

 

5.3.8.2 Effect of DAA treatment regimens on lab values over time  

To explore the effect of different DAA treatment regimens on the estimated laboratory 

trajectories, nine mixed-effects models were developed (Figure 5.6). There was evidence 

that DAA treatment regimen was associated with laboratory values for haemoglobin 

(p=0.0208), platelet count (p<0.0001), AST (p=0.0144), and bilirubin (p<0.0001). The 

difference in treatment regimens is demonstrated in Figure 5.6 by the gaps between 

each treatment line. Overall, there was a significant decrease in lab value for ALT (-0.33 

IU/L per week, 95% CI -0.49--0.18, p<0.0001), and AST (-0.17 IU/L per week, 95% CI -0.29-

-0.05, p<0.0001) overtime, and a significant increase in the lab value for neutrophils (4.62 

cells/mm3 per week, 95% CI 1.82-7.43, p=0.0003), and platelet count (195.78 cells/mm3 

per week, 95% CI 133.40-258.16, p<0.0001) over time. Although there was an overall 

decrease in ALT levels over time, Figure 5.6 shows the decrease in those treated with 

sofosbuvir/simeprevir +/- RBV was not as large as those treated with other regimens. 



 

 
 

Also, the decrease in AST overtime was lowest in those treated with 

sofosbuvir/ledipasvir +/- RBV. 

 

Only the change in bilirubin value over time was impacted by DAA treatment regimen 

(interaction between DAA treatment regimen and time, p=0.0009). This is demonstrated 

by the non-parallel treatment lines in the bilirubin plot, showing that depending on the 

treatment regimen, individuals had different changes in their bilirubin levels over time. 

For example, those treated with sofosbuvir/simeprevir +/- RBV had a baseline bilirubin 

level of around 2.0 (mg/dL) which increased to around 4.0 (mg/dL) by 24 weeks after 

starting treatment. However, those treated with ombitasvir/paritaprevir +/- RBV had a 

lower baseline bilirubin level of 1.4 (mg/dL) that decreased to around 0.8 (mg/dL) by 

week 24. There was no evidence of a significant difference in the impact of treatment 

regimens, time, or the interaction between time and treatment regimen for leukocytes, 

s-creatinine, or ALP.



 

 
 

 Figure 5.6: Estimated laboratory values over time, by DAA treatment regimen 
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5.3.8.3 Effect of ribavirin on lab values over time 

The difference in predicted trajectories for individuals who received RBV as part of their 

treatment regimen and those who did not can be seen in Figure 5.7. RBV use was 

significantly associated with platelet count (p=0.0044), AST (p=0.0320), and bilirubin 

(p<0.0001). Those treated with RBV had a lower baseline platelet count and a higher AST 

and bilirubin baseline value. Neutrophils (3.25 cells/mm3 per week, 95% CI 0.71-5.78, 

p<0.0001) and platelet count (121.16 cells/mm3 per week, 95% CI 63.69-178.64, 

p<0.0001) increased over time, while ALT (-0.37 IU/L per week, 95% CI -0.51--0.22, 

p<0.0001) and AST (-0.30 IU/L per week, 95% CI -0.41--0.19, p<0.0001) decreased over 

time.  

 

Individuals on RBV had a higher baseline leukocyte level, however by 4 weeks it was the 

same as those not on RBV, and by 24 weeks it was almost 1000 cell/mm3 lower 

(interaction between time and RBV significant, p=0.0005). Those on RBV had a lower 

platelet count at baseline, however over time their platelet count increased faster than 

those without RBV included in their treatment regimen, and by 24 weeks, they had a 

higher platelet count (interaction between RBV and time significant, p<0.0001). Bilirubin 

levels increase during treatment for those treated with RBV, however slightly decreases 

for those not on RBV (interaction between time and RBV significant, p<0.0122). There 

was no evidence of a significant difference in the impact of RBV, time, or the interaction 

between time and RBV for haemoglobin, s-creatinine or ALP. 



 

 
 

Figure 5.7: Estimated laboratory trajectories by RBV 
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5.3.8.4 Effect of liver fibrosis stage on lab values over time 

The impact of fibrosis stage on laboratory values was also explored and can be seen in 

Figure 5.8. Fibrosis stage was associated with leukocytes, neutrophils, platelet count, 

ALT, AST, ALP, and bilirubin (p≤0.0001 for all). Individuals with cirrhosis had a lower 

baseline neutrophil and platelet count value, and a higher baseline ALT, AST, ALP and 

bilirubin value. Over time neutrophils (4.85 cells/mm3 per week, 95% CI 2.51-7.20, 

p<0.0001) and platelet count (213.58 cells/mm3 per week, 95% CI 159.62-267.55, 

p<0.0001) values increased, however ALT (-0.31 IU/L per week, 95% CI -0.44--0.17, 

p<0.0001) and ALP (-0.19 IU/L per week, 95% CI -0.30--0.08, p<0.0001) levels decreased.  

 

Figure 5.8 shows that AST levels for those with cirrhosis decreased quicker than those 

with fibrosis stage ≤F3. ALP decreased from 114 IU/L at baseline to 90 IU/L by week 24 

in cirrhotic individuals, however ALP increased by ≤5 IU/L in those with fibrosis stage ≤F3. 

The impact of time and fibrosis stage on bilirubin levels can also be seen in Figure 5.8, 

the bilirubin values decrease between baseline and 24 weeks after starting treatment 

for those with cirrhosis, and increase for those with fibrosis stage ≤F3. This highlights the 

interaction between fibrosis stage and time was significant for AST (p=0.0017), ALP 

(p=0.0189) and bilirubin (p=0.0279).  



 

 
 

Figure 5.8: Estimated laboratory trajectories by fibrosis stage 
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5.3.8.5 Effect of DAA start date on lab values over time 

The date an individual received treatment was significantly associated with platelet 

count and bilirubin; those who started treatment before 2016 had a lower baseline 

platelet count and a higher baseline bilirubin value (p<0.0001 and p=0.0014, 

respectively). Leukocytes (0.8395 cells/mm3 per week, 95% CI -1.3717-3.03, p=0.0278) 

and platelet count (189.54 cells/mm3 per week, 95% CI 144.82-234.25, p<0.0001) 

increased over time, however ALT (-0.3452 IU/L per week, 95% CI -0.4636--0.2269, 

p<0.0001) and AST (-0.2758 IU/L per week, 95% CI -0.3656—0.1860, p<0.0001) 

decreased over time (Figure 5.9). There was no evidence of a significant difference in the 

impact of treatment start year, time, or the interaction between treatment start year 

and time for haemoglobin, neutrophils, s-creatinine or ALP.



 

 
 

Figure 5.9: Estimated laboratory trajectories by baseline date 
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5.3.9 Sensitivity analysis  

5.3.9.1 Effect of non-ADI on treatment outcome 

As previously mentioned, the non-ADI variable included individuals with a non-AIDS 

defining malignancy (n=46), cardiovascular disease (n=55), ESLD (n=58), HCC (n-17), 

ESRD (n=9), or pancreatitis (n=21). The SVR rate was found to be lower in individuals 

with non-ADI prior to baseline (p=0.0105), however, when ESLD is excluded from 

non-ADI, the difference was no longer significant (91.8% vs 90.0%, p=0.4962). The 

univariable association between non-ADI and SVR was significant [aOR=0.50, 95% 

CI=0.30-0.86] and included in the multivariable analysis, where it was also marginally 

significant [aOR=0.56, 95% CI=0.32-1.00]. The univariable association between non-

ADI excluding ESLD and SVR, was not significant [OR=0.80, 95% CI=0.43-1.51], 

however this may be due to reduced power, as the effect is still in the same direction, 

but the effect is not as large and there is a wider CI.  
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5.4 Discussion 

Results from this analysis confirm that high SVR rates can be achieved in HIV/HCV co-

infected individuals treated with interferon-free DAA regimens in a real-world non-

trial setting. The SVR rate of 91.5% (95%=CI 89.7-93.4) was similar to rates previously 

reported in real-world studies (466,468,469) and only slightly lower than rates 

reported in clinical trials (405,406,477–479). There was no evidence to suggest SVR 

rate was impacted by HCV genotype, however the majority of the study population 

had genotype 1 (57.6%). There was also no evidence of regional differences in 

achieving SVR or having a known response to treatment, as SVR ranged from 90.6% 

to 93.2% across all European regions, however data from Central-East and Eastern 

Europe are still limited, and further investigation is warranted. There was also no 

evidence that PWID HIV transmission group had a lower rate of SVR (n with known 

treatment outcome: 473, SVR12: 89.9%), which is in accordance with the AASLD-IDSA 

2018 HCV guidance update that states active or recent drug use is not a 

contraindication for HCV treatment (480). The majority of individuals completed their 

treatment regimen, with only 4.6% known to have stopped one or more drugs of the 

treatment regimen early. There were a number of individuals who experienced at 

least 1 grade 3 or 4 laboratory AEs during treatment (n=57), however, the number of 

individuals who experienced a grade 3 or 4 abnormalities was similar pre-treatment 

(n=53). There were fewer ALT and AST AEs during treatment than pre-treatment, 

indicating HCV treatment reduced the number of certain laboratory abnormalities, 

likely due to a reduction in HCV viraemia reducing hepatic inflammation. There was 

also evidence of differences in the changes in laboratory values from baseline to end 

of treatment based on treatment regimen, use of RBV, cirrhosis, and treatment start 

date. 

 

5.4.1 SVR rate 

Several other real-world studies reported similarly high rates of SVR among HIV/HCV 

co-infected individuals treated with IFN-free DAA regimens (see Table 5.1). For 

example, a study carried out using the Veterans Affair Clinical Case Registry that 
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included almost 1000 HIV/HCV co-infected individuals with genotype 1 who started 

DAA treatment before 30/9/2015 showed SVR rates of 86%-92% depending on the 

HCV treatment regimen (466). In 2017, the GECCO study reported an SVR rate of 94% 

in 349 HIV/HCV co-infected patients (467). The ANRS CO13 HEPAVIH French 

nationwide observational cohort study included 323 co-infected individuals who 

started DAA treatment before 1/2/2015, they reported an overall SVR rate of 93.5% 

(469). Also, a small study carried out in Italy found an SVR rate of 91% (n=58) in 

HIV/HCV co-infected individuals compared to 96% (n=51) in mono-infected 

individuals, which was not a significant difference (p=0.44) (470). 

 

5.4.2 Factors associated with SVR  

We found having a non-ADI before starting DAA treatment was associated with a 

lower odds of SVR in the adjusted logistic regression model. During sensitivity 

analysis, the association was found to be possibly driven by individuals with ESLD, as 

when ESLD was excluded from non-ADI there was no longer an association with 

treatment outcome (however, there was reduced power which may have impacted 

the significance). Also, individuals with ESLD were found to have a lower odds of 

achieving SVR in univariable and multivariable analysis. Also, non-ADI is a composite 

endpoint that includes any individuals who had a non-ADI prior to starting treatment, 

and 25 of the 58 individuals who had ESLD also had another non-ADI. These 

individuals may have more progressed disease and therefore it is possible that the 

association between ESLD and SVR12 may be partly attributable to confounding by 

indication. 

 

Being treated with sofosbuvir/simeprevir +/- RBV or 

ombitasvir/paritaprevir/dasabuvir + RBV was also associated with a lower odds of 

SVR [aOR=0.21, 95%=CI 0.08-0.53 and aOR=0.46, 0.22-1.00, respectively], compared 

to sofosbuvir/ledipasvir +/- RBV. The Madrid co-infection registry also found 

individuals treated with sofosbuvir/simeprevir had a lower rate of SVR (468). A poster 
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presented at EASL 2016 by McGinnis et al. also found that individuals treated with 

sofosbuvir/simeprevir +/- RBV had a lower SVR rate, however, they found individuals 

treated with sofosbuvir/simeprevir +/- RBV had a higher proportion of cirrhosis 

compared to other treatment regimens (481). Cirrhosis was found to be associated 

with a lower odds of achieving SVR in the univariable analysis, but after adjustment, 

the reduction in odds was no longer statistically significant. As mentioned above, 

ESLD was associated with which indicates that cirrhosis negatively impacts the odds 

of achieving SVR12. The individuals included in this analysis that were treated with 

sofosbuvir/simeprevir +/- RBV were more likely to have cirrhosis, which has been 

shown to reduce the odds of achieving SVR in a number of clinical trials (351) and 

real-world studies (468), including The GECCO study which found that the SVR12 rate 

dropped to 86.1% in individuals with liver cirrhosis (from 94% in people without 

cirrhosis) (467). The Veterans Affair Clinical Case Registry study also found cirrhosis 

reduced the odds of SVR (466). However, 60% (n=162) of The ANRS CO13 HEPAVIH 

French nationwide observational cohort study had cirrhosis, and they did not find 

that cirrhotic status impacted the SVR12 rate (469). Sofosbuvir/simeprevir is no 

longer recommended by the European treatment guidelines for individuals co-

infecting with HIV, however ombitasvir/paritaprevir/dasabuvir is still considered to 

be an alternative treatment option (317). 

 

We did not find any evidence of an impact of HIV related factors (CD4 count, HIV-

RNA, ART usage, or prior AIDS event) on HCV treatment outcomes, which 

corresponds with data from other studies (466,469). Conversely, the Madrid co-

infection registry reported individuals with a prior AIDS event or a CD4 cell count less 

than 200 cells/mm3 had a higher odds of treatment failure, indicating individuals with 

advanced HIV disease may have sub-optimal treatment outcomes, however further 

studies are required to confirm these results (468). 
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5.4.3 Reasons for stopping treatment 

Of 935 individuals with data on whether they completed treatment, only 43 (4.6%) 

stopped one or more drugs of their treatment regimen early, 55.8% of whom 

achieved SVR. The percentage of treatment failures among those who completed 

their treatment regimen and had a known response to treatment was 7.4% (61/826). 

However, the percentage of treatment failures among individuals who stopped one 

or more components of their treatment regimen early and had a known treatment 

response was 33.3% (12/36). The most common reason for stopping early was 

toxicity, however most of the reported AEs were common and have been seen in 

other DAA studies (467,470). Also, of the 14 individuals who stopped treatment early 

due to toxicity, 13 were on RBV (11 of whom only stopped RBV) and experienced 

common side effects of RBV such as anaemia, rash and fatigue (326,482). It is 

important to note that RBV is generally added to a DAA regimen if the individual is 

considered harder to treat, (for example, if the individual has cirrhosis or 

decompensated cirrhosis), in which case the individual is likely to be more at risk of 

an AE (317). Also, there were 4 individuals from Northern Europe who stopped 

treatment early due to ‘substance abuse’, however this was because they were no 

longer able to complete their HCV treatment regimen. 

 

5.4.4 Laboratory AEs 

Among the 511 individuals included in the laboratory AE analysis, 363 (71.0%) had at 

least one AE during treatment, which contributed to 770 AE events. There were 119 

(15.5%) grade 3 or 4 AEs, the majority of which were elevated bilirubin (n=67, 56.3%). 

However this finding was not considered to be significant as almost 90% of individuals 

with elevated bilirubin were also receiving RBV or a HIV treatment regimen that 

included the protease inhibitor atazanavir, both of which have been shown to 

increase the risk of hyperbilirubinemia (483–485). The C-EDGE and EXPEDITION-2 

trials in HIV/HCV co-infected individuals reported <1% of individuals had a grade 3 AE 

but did not mention whether they received atazanavir (405,406). None of the 

individuals included in the GECCO study reported any grade 3 or 4 laboratory AE 
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(467). However, a small real-world study carried out in HCV mono-infected and 

HIV/HCV co-infected individuals in Italy reported hyperbilirubinaemia in 11 (10%) 

individuals, (they did not stratify by HIV status) (470). The AMBER and HARVEST 

studies were carried out in Poland in 2016 and 2017 in HCV mono-infected individuals 

and assessed the effectiveness and safety ombitasvir/paritaprevir/ritonavir +/- 

dasabuvir +/- RBV and of ledipasvir/sofosbuvir +/- RBV, respectively (472,473). The 

AMBER study reported 13.4% of individuals enrolled (n=209) had a grade 3 or 4 

bilirubin AE, while in the HARVEST study, 3.5% of those enrolled experienced a grade 

3 or 4 bilirubin AE (472,473). All individuals in the AMBER study with a bilirubin AE 

were receiving RBV as part of their HCV treatment regimen (472). These findings are 

not dissimilar to the low rates of laboratory AE reported in clinical trials (477–479), 

while other real-world studies have not systematically reported on laboratory AE 

events (466,468,469). 

 

The change in laboratory values from baseline to 24 weeks after starting treatment 

was also explored. Overall, ALT and AST levels decreased over time regardless of the 

treatment regimen, however, the decrease in ALT was not as large in individuals 

treated with sofosbuvir/simeprevir +/- RBV. Also, AST levels did not decrease as much 

in individuals treated with sofosbuvir/ledipasvir +/- RBV compared to those treated 

with other regimens. The change in bilirubin over time varied based on treatment 

regimen, as bilirubin levels of those treated sofosbuvir/simeprevir +/- RBV increased 

from baseline and decreased among individuals treated with ombitasvir/paritaprevir 

+/- RBV. ALT, AST and ALP were also found to decrease quicker among individuals 

with cirrhosis compared to those with fibrosis ≤F3. 

 

5.4.5 Strengths and limitations 

Our analysis had several limitations therefore the findings should be interpreted with 

caution. Firstly, it was not possible to determine SVR for 18% of individuals included 

in this analysis as there was no HCV-RNA follow-up data. Possible reasons include 
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that HCV RNA was measured and not reported to EuroSIDA, or that HCV RNA has not 

been measured locally. The former is less likely given the rigorous quality assurance 

in place and that missing data has been requested by the coordinating team. Some 

of these individuals had a known end of treatment response, however, as this is real-

world data not all individuals are seen at set time-points to assess SVR, and not all 

clinics have the resources to test. Not all individuals had data on whether they 

completed their treatment regimen, however in post hoc analysis among individuals 

with information on whether they completed treatment, the results were consistent. 

Also, the number of individuals who stopped due to toxicities may have been 

underestimated, as some centres included physician’s decisions and patient’s 

decisions as reasons for stopping treatment early, which may have overlapped with 

toxicities. Only lab data during treatment for individuals who start treatment 

between 1/1/2014 and 1/1/2016 were systematically collected. This means it is not 

possible to comment on AEs of more recently approved DAA drugs. Also, of the 706 

individuals eligible for this analysis, those with laboratory data and assessed for AEs 

were significantly different from those without lab data and excluded from this 

analysis. Black individuals were found to have a lower odds of SVR in a real-world 

study on HCV mono-infected individuals (486), and a clinical trial on HIV/HCV co-

infected individuals (477). While there was some evidence to suggest a difference in 

treatment outcome based on ethnicity (p=0.0032) in my analysis, there was 

insufficient data to explore this further as the majority of the study population was 

white (87.5%), 3.2% were from the global majority, and 9.2% had an unknown 

ethnicity. The difference in SVR rate was mainly driven by the difference between 

those of white and unknown ethnicity (93.5% vs 77.6%). Also, the EuroSIDA cohort 

may not be representative of all HIV/HCV co-infected individuals as it mainly collects 

data from university clinics in large European cities that are focused on clinical 

research, and therefore may ensure their standard of care is in line with good clinical 

practice and may differ from other treatment centres.  

 

A major strength of this study is that it collects longitudinal clinical cohort data on a 

large number of individuals across different regions in Europe in a standardised way, 
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which allows for comparisons between regions, and examination of changes over 

time. All individuals DAA treatments and reasons for discontinuation were centrally 

reviewed. This study is also one of the first to include data from East and Central East 

Europe which is another major strength of the study, as there are not many real-

world studies that include data from this region. Laboratory data during treatment 

was systematically collected, which allowed me to explore laboratory AEs in a way 

other real-world studies have not.  

 

5.5 Dissemination of results 

The results from this chapter were published in the Journal of Acquired Immune 

Deficiency Syndromes in 2021 (Appendix VIII)  
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Chapter 6 HCV reinfection among HIV/HCV co-infected individuals in 

Europe  

6.1 Introduction 

The prevalence of HCV is significantly higher among people living with HIV (PLWH), 

especially certain risk groups such as people who inject drugs (PWID) and men who 

have sex with men (MSM) (487). Currently, 2.4% of PLWH are co-infected with HCV, 

however, this increases to 6.4% in MSM and 82.4% among PWID (380). Also, the odds 

of HCV infection is 6 times higher in people living with HIV compared to HIV negative 

individuals (380). 

 

The WHO set a target for HCV elimination by 2030, which requires a 90% reduction 

in new infections and a 65% reduction in mortality compared to 2015 (227). However, 

reinfection could hinder efforts to achieve elimination if not addressed (487). 

Reinfection is defined as a reoccurrence of HCV viremia after clearing the virus. In the 

absence of a vaccine against HCV, those who have spontaneously cleared the virus or 

have been cured through treatment are still at risk of reinfection, which reverses the 

health benefits of clearing the virus (372,373). Reinfection is of particular concern 

among PWID and HIV positive MSM who may have ongoing risk behaviours that put 

them at risk of reinfection (278). Therefore, efforts to eliminate HCV must address 

the issue of reinfection, especially among high-risk populations such as PWID and 

MSM(487). 

 

6.1.1 Reinfection after HCV treatment 

IFN-era 

There have been several studies exploring reinfection after achieving sustained 

virological response (SVR) which have been summarised in Table 6.1. A meta-analysis 

examining HCV recurrence (reinfection or late relapse) 5-years post-treatment in 
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studies carried out from 1990 to 2015 compared recurrence rates among three 

groups, low-risk HIV-negative individuals, high-risk HIV-negative individuals, and 

HIV/HCV co-infected individuals (373). High-risk was defined as either current or 

former injecting drug user (IDU), imprisonment, or MSM, low-risk was defined as 

having no risk factors, and HIV/HCV co-infected individuals were included regardless 

of the presence/absence of risk factors (373). They found that 1.3% (108/7969), 5.4% 

(42/771), and 10.0% (31/309) of individuals were reinfected among low-risk, high-

risk, and co-infected individuals, respectively. These findings were also reflected in 

the reinfection rate, which was 1.85/1000 (95% confidence interval (CI)=0.71-3.35) 

person-years of follow-up (PYFU) in low-risk individuals, 22.32/1000 PYFU (95% 

CI=13.07-33.46) in high-risk individuals, and the highest in HIV/HCV co-infected 

individuals at 32.02/1000 PYFU (95% CI=0.00-123.49) (373). However, the wide 95% 

confidence interval for the reinfection rate among HIV co-infected individuals 

indicates uncertainty around the estimate (373). 

 

Lambers et al. explored HCV reinfection among 56 HIV positive MSM in Amsterdam 

treated for acute HCV infection between 2003-2011 (488). Among the 56 individuals, 

5 relapsed (HCV-RNA positive after a negative end of treatment result, with different 

genotype to primary infection indicated by phylogenetic analysis) and were excluded 

from the analysis (488). Among the remaining 51 individuals, the median follow-up 

(FU) time was 1.3 years (interquartile range (IQR): 0.5-1.6) (488). There were 11 (22%) 

individuals who were reinfected with HCV, and the median time to reinfection was 

8.4 months (IQR: 3.6-19.2) (488). Martinello et al. also carried out a study exploring 

reinfection after either IFN-based or IFN-free DAA therapy between 2004 and 2015 

(489). They included 64 HIV positive MSM who were followed for a median of 1.22 

years (IQR: 0.19-2.53). Among the 64 co-infected individuals included, 7 (11%) were 

reinfected by a median of 35 weeks (IQR: 9-81) from the end of treatment (489). Also, 

among both HIV negative and HIV positive individuals (n=120) they found the 

incidence of reinfection to be higher in individuals who reported injection drug use 

at the end of treatment (15.5 per 100 PYFU) compared to those who did not inject 

drugs during FU (2.6/100 PYFU) (489).  
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Another study carried out mainly among PWID (86% of the study population) 

included 84 HIV positive individuals treated between 2001 and 2013 in Spain (490). 

There were 4 (5%) individuals who were reinfected, and the median time from SVR 

to reinfection was 68 months (IQR: 55-76) (490). Marco et al. explored reinfection 

among individuals who were incarcerated in Spain between 2002 and 2016. They 

included 602 HIV positive (29%) and HIV negative (71%) individuals who achieved SVR 

(treated with either IFN-based or IFN-free DAA therapy) (491). Overall, 63 (11%) 

individuals were reinfected, however the authors report that the reinfection rate was 

2.5 fold higher among HIV positive individuals (491). They found that 8 (12.7%) 

individuals were reinfected within a year of SVR, 40 (63.5%) within 5 years, and 62 

(98.4%) within 10 years (491).  

 

Islam et al. carried out an analysis in Canada, which is one of the largest population-

level studies on HCV reinfection; they included 5915 individuals who cleared the virus 

either by IFN-based treatment or spontaneous clearance (492). Overall, the median 

FU time was 5.4 years (IQR: 2.9-8.7), and the median time to reinfection was 3.0 years 

(IQR: 1.5-5.4). There were 2225 individuals who achieved SVR, 126 of whom were co-

infected with HIV and 2099 who were mono-infected with HCV. The proportion of 

reinfection was higher among HIV positive individuals (10%) than HIV negative 

individuals (2%) (492). Another study carried out in Canada among HIV/HCV co-

infected individuals included 257 individuals who achieved SVR after treatment 

between 2003 and 2016 (51 of whom received IFN-free DAAs). They reported that 18 

(7%) individuals were reinfected, with a median of 2.5 years (IQR: 1.6-3.2) from SVR 

to reinfection (493). 

 

DAA era 

Analysis of the German Hepatitis C Cohort (GECCO) explored reinfection after 

treatment with IFN-free DAAs among MSM between 2014 and 2018 (494). Out of the 

2298 individuals included in this analysis, 509 individuals were also HIV positive, 38 

(7.5%) of who were reinfected by a median of 500 days (494). Among the 38 

reinfected co-infected individuals, 36 were MSM, highlighting the increased risk of 
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repeated HCV infection among HIV positive MSM (494). They also compared their 

findings with their previous work carried out in the IFN-era and found the incidence 

of reinfection among MSM to be similar in both treatment eras (377,494).  

Rossi et al. carried out a study in Canada that included 4114 individuals who had 

achieved SVR after an IFN-free DAA treatment regimen between 2014 and 2017. 

Individuals were followed for a median of 123 days (IQR: 84-357), and 40 (1%) 

individuals were reinfected (495). This analysis included 403 HIV positive individuals, 

24 (6%) of whom were reinfected (495). They reported the reinfection rate to be 

1.44/100 PYFU overall, 3.11/100 PYFU among recent PWID, and 5.67/100 PYFU 

among recent PWID who were co-infected with HIV (495). After adjustment, the only 

factor they found to be associated with reinfection was current or recent injection 

drug use, and in a separate analysis among PWID, they found that opioid agonist 

therapy was associated with a (non-significant) reduction in reinfection (495). Finally, 

a study in Spain also explored reinfection among HIV positive individuals who 

achieved SVR after treatment with an IFN-free DAA regimen (496). They included 

2359 individuals who achieved SVR between 2014 and 2017, 17 (0.7%) of who were 

reinfected. The majority of the study were PWID (n=1459) of whom 0.3% (n=5) were 

reinfected, however among the 177 MSM individuals, 6.8% (n-12) were reinfected 

(496). However, all 12 of the reinfected MSM reported unprotected anal sex with 

several partners, 7 reported chemsex, 6 reported fisting, and 4 reported slamming 

(496). 
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Table 6.1: Summary of studies on HCV reinfection after SVR among HIV/HCV co-infected individuals  

Reference Country 
HIV co-
infected? 

Year Treatment Definition of SVR n SVR 
Reinfected 

n (%) 

Berenguer J et al. (496) Spain Yes 2014-2017 IFN-free DAA  
1 negative HCV-RNA result: 12 weeks after completion of 
treatment 

2359 17 (0.7) 

Currie S et al. (497) USA Yes (IDU)* 1997-2007 IFN-based 
Documented SVR (not defined further), OR, in those who did not 
have an SVR, 2 consecutive negative HCV-RNA results: at least 6 
months post-HCV antiviral treatment 

5 1 (20) 

Ingiliz P et al. (498) Germany Yes (MSM) 2001-2013 IFN-based 
1 negative HCV-RNA result: 12 weeks after treatment with 
pegylated interferon (with or without ribavirin) 

302† 48 (16)† 

Ingiliz P et al. (377) Multi-country Yes (MSM) 2002-2014 IFN-based 
1 negative HCV-RNA result: 12 weeks after the end of an 
interferon-based treatment and at least one subsequent HCV 
PCR measurement. 

606† 149 (25)† 

Ingiliz P et al. (494) Germany Yes (MSM)* 2014-2018 IFN-free DAA  
1 negative HCV-RNA result: 12 weeks after the end of the 
respective DAA treatment 

509 38 (7) 

Islam N et al. (492) Canada Yes* 1992-2013 IFN-based 
2 consecutive negative HCV-RNA results: at least 28 days apart, 
12 weeks after completion of interferon-based treatment  

126 12 (10) 

Lambers F et al. (488) Holland Yes (MSM) 2003-2011 IFN-based 1 negative HCV-RNA result: at the end of treatment 51 11 (22) 

Marco A et al. (491) Spain 
Yes 
(incarcerated)* 

2002-2016 
IFN-based or 
IFN-free DAA 

Not specified  173 26 (15) 

Martin T et al. (499) UK Yes (MSM) 2004-2012 IFN-based 
1 negative HCV-RNA result: 24 weeks following end of treatment 
and at least one subsequent HCV-RNA measurement 

114 27 (24) 

Martinello M et al. 
(489) 

Australia and 
New Zealand 

Yes* 2004-2015 
IFN-based or 
IFN-free DAA 

1 negative HCV-RNA result 64 7 (11) 

Pineda J et al. (490) Spain Yes 2001-2013 IFN-based 1 negative HCV-RNA result: 24 weeks after therapy completion 84 4 (5) 

Rossi C et al. (495) Canada Yes* 2014-2018 IFN-free DAA  
1 negative HCV-RNA result: between 10-52 weeks after end of 
treatment  

403 24 (6) 

Young J et al. (493) Canada Yes 2003-2016 
IFN-based or 
IFN-free DAA 

1 negative HCV-RNA result: 12 weeks after the end-of-treatment 
date 

257 18 (7) 

* Sub-study in HIV-positive individual among larger study on both co-infected and mono-infected individuals 
† n included pooled with those who spontaneously cleared the virus 
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6.1.2 Spontaneous clearance 

In the absence of HCV treatment, the natural progression of HCV can vary after initial 

exposure. The majority of individuals with acute HCV will develop chronic HCV, while 

around 25% will spontaneously clear the virus, usually within the first 6 months of 

infection (222). Most data have shown spontaneous clearance stops the progression 

of liver disease (291). However, individuals who spontaneously clear the virus are still 

at risk of reinfection, despite studies in HIV negative individuals suggesting that 

previous clearance of HCV can lead to some subsequent immunological control 

(374,499–502).  

  

While around 25% of HIV negative individuals with acute hepatitis C will 

spontaneously clear the virus, the proportion of HIV/HCV co-infected individuals who 

spontaneously cleared the virus is lower at around 10-15% (222,247,503,504). A 

recent meta-analysis carried out by Aisyah et al. explored factors associated with 

spontaneous clearance of HCV (505). They included data on 20110 individuals and 

found that PLWH, males, PWID, excessive alcohol drinkers, individuals of Black or 

aboriginal ethnicity, and individuals over 45 years old were less likely to 

spontaneously clear HCV (505). They also reported some genetic factors to be 

associated with increased odds of spontaneous clearance (IL28B 

rs12979860/rs8099917/rs8103142) (505). Another predictor of spontaneous 

clearance was a 2-log drop in HCV-RNA at 4 weeks after initial diagnosis, however, as 

spontaneous clearance is less likely among HIV positive individuals, a 2-log drop of 

HCV 4 weeks after presentation is less likely (506) 

 

A cross-sectional analysis carried out by Soriano et al. in the EuroSIDA study showed 

that among 1940 HIV/HCV co-infected individuals, 444 (23%) individuals 

spontaneously cleared HCV (507). They found a higher rate of HIV spontaneous 

clearance compared to other studies in HIV positive individuals. The timing of HCV 

infection compared to HIV infection was unknown, but the authors hypothesise that 
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HCV infection preceded HIV infection because it is more transmissible than HIV 

through percutaneous exposure, as seen in other studies among PWID (508,509), 

which would explain the higher clearance rate (507). After adjustment they found 

regional differences in odds of spontaneously clearing HCV, they also reported that 

females and HBsAg positive individuals had a higher odds of spontaneous clearance, 

and PWID (compared to MSM) had a lower odds of spontaneous clearance (507).  

 

6.1.3 Reinfection after spontaneous clearance  

Peters et al. explored factors associated with reinfection among HIV positive 

individuals who spontaneously cleared HCV in the EuroSIDA study (510). They 

included 191 individuals who spontaneously cleared the virus, 35 (18%) of whom 

were reinfected a median of 3.5 years later (510). They also reported that the odds 

of recurrence was higher among PWID, and lower among older individuals and 

individuals on cART (510). Sack-Davis et al. also explored reinfection after 

spontaneous among the International Collaboration of Incident Human 

Immunodeficiency Virus and HCV in Injecting Cohorts study, which includes data from 

countries such as the Netherlands, Australia, America and Canada. They included 118 

individuals who were HIV negative and HIV positive, 28 (24%) of whom were 

reinfected (511). Among the 12 HIV positive individuals they included, 3 (25%) were 

reinfected (511). 

 

A few studies have looked at reinfection after both spontaneous clearance and SVR 

in HIV/HCV co-infected individuals. Ingiliz et al. looked at reinfection in HIV-positive 

MSM in Western Europe from 2002 to 2014 and found the overall reinfection rate to 

be 7.3/100 PYFU (377). They reported a lower incidence of reinfection among PLWH 

who spontaneously cleared the virus (4.9/100 PYFU) compared to those who were 

treated and achieved SVR (7.8/100 PYFU) (377). They also found that spontaneously 

clearing the initial HCV infection was associated with spontaneous clearance of 

reinfection (adjusted odds ratio=7.47, 95% CI=1.9–29.2) (377). Martin et al. carried 
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out a study among HIV positive MSM and reported that the reinfection rate after 

spontaneous clearance (4.2/100 PYFU) was lower than reinfection after SVR (9.6/100 

PYFU) (499). However, the difference in reinfection rates was not statistically 

significant (p=0.15) and may have been due to significantly different testing 

frequency, therefore only providing weak evidence that spontaneously clearing the 

virus may provide protective immunity in some people (499).  

 

Islam et al. found the rate of reinfection to be higher after spontaneous clearance 

compared to individuals who achieved SVR however, this could be explained by 

differences between those who spontaneously cleared HCV and achieved SVR (492). 

Individuals who spontaneously cleared HCV were younger, with a higher proportion 

of PWID, HIV co-infection, and problematic alcohol use (492). Currie et al. also 

explored reinfection after both SVR and SC, however, they only included 17 HIV co-

infected individuals (5 achieved SVR and 12 spontaneously cleared the virus) and 

reported 1 reinfection, so were unable to carry out further analysis (497). 
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Table 6.2: Summary of studies on HCV reinfection after spontaneous clearance among HIV/HCV co-infected individuals  

Reference Country HIV co-infected? Year Definition of spontaneous clearance 

Number who 

spontaneously 

cleared HCV 

Reinfected 

n (%) 

Currie S et al. (497) USA Yes (IDU)* 1997-2007 
2 consecutive negative HCV-RNA results: without a history of HCV 

antiviral treatment 
12 0 (0) 

Ingiliz P et al. (498) Germany Yes (MSM) 2001-2013 
1 negative HCV-RNA result: 24 weeks after diagnosis without HCV 

treatment 
302* 48 (16)* 

Ingiliz P et al. (377) Multi-country Yes (MSM) 2002-2014 2 consecutive negative HCV-RNA results: at least 24 weeks apart 606* 149 (25)* 

Islam N et al. (492) Canada Yes* 1992-2013 
2 consecutive negative HCV-RNA results: at least 28 days apart, after 

HCV diagnosis without treatment 
497 79 (16) 

Martin T et al. (499) UK Yes (MSM) 2004-2012 
2 consecutive negative HCV-RNA results: first at least 24 weeks 

following infection  
31 5 (16) 

Peters L et al. (510) Multi-country Yes Not specified 1 negative HCV-RNA result: following an anti-HCV positive result 191 35 (18) 

Sacks-Davis R et al. (511) Multi-country Yes* 1985-2010 
2 consecutive negative HCV-RNA results: at least 28 days apart, after 

HCV diagnosis without treatment 
12 3 (25) 

* Sub-study in HIV-positive individual among larger study on both co-infected and mono-infected individuals 
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6.1.4 Aims 

There were 2 main aims for this chapter: 

1. To examine the proportion of reinfection in HIV/HCV co-infected individuals 

in Europe after achieving: 

a. Sustained virological response (SVR) 

b. Spontaneous clearance  

2. To assess whether the risk of reinfection after achieving SVR varies depending 

on HIV risk group, treatment regimen (IFN-based regimens vs IFN-free DAAs), 

regional differences, or sociodemographic variables 

 

6.1.5 What this analysis adds 

In the absence of an effective vaccine against HCV, those who have been cured or 

spontaneous cleared the virus are still at risk of reinfection. The overall risk is 

generally low, however, reinfection is of particular concern among HIV co-infected 

individuals, in particular PWID and MSM (377,403). Most clinical trials do not follow 

up participants after they achieve SVR, therefore analysis of cohort studies like 

EuroSIDA is important to explore the issue of reinfection and associated factors after 

clearance, to better target prevention and retreatment initiatives. The majority of 

studies exploring reinfection after SVR have been carried out in the pre-DAA era, 

therefore more research is needed on reinfection in the DAA era. Also, there are 

contradicting results on whether reinfection is more common after SVR or 

spontaneous clearance (377,492). This analysis will allow us to explore reinfection in 

both treatment eras, and also whether reinfection is more likely to occur after 

spontaneous clearance or SVR. 
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6.2 Methods 

This analysis was carried out using data from the EuroSIDA study’s (defined in chapter 

2) D46 dataset, which included data on 22797 individuals enrolled in the study before 

1/1/2019 from 36 European countries, Israel and Argentina. 

 

6.2.1 Inclusion criteria 

This analysis was carried out in two parts; firstly, reinfection among individuals who 

received treatment and achieved SVR was described. Secondly, reinfection among 

those who spontaneously cleared HCV was explored. Below are the inclusion criteria 

for both analyses: 

 

Reinfection after SVR: 

There were 22797 individuals included in the D46 dataset, 9466 of whom were under 

FU and anti-HCV positive before 1/1/2019 (when the D46 dataset was closed). There 

were 6838 individuals who were ever HCV-RNA positive, 4013 of whom had ever 

started HCV treatment, and 3800 that completed treatment. There were 3572 

individuals who had sufficient FU after stopping treatment, and 2975 who had an 

HCV-RNA result to assess SVR. Across both treatment groups, there were 1965 

individuals who achieved SVR at least once. There were 1009 individuals who had at 

least 2 years of FU after achieving SVR, and 636 who had at least 1 HCV-RNA test 

during that time and were included in this analysis. Baseline was defined as the date 

of SVR. Figure 6.1 shows a detailed description of how HIV/HCV co-infected 

individuals were selected for this analysis.  
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Figure 6.1: Flowchart for inclusion in SVR analysis 

 
* Anti-HCV positive, HCV-RNA positive, HCV genotyped, or received HCV treated 
† HCV-RNA positive, HCV genotyped, or received HCV treated 
‡ Negative HCV-RNA result 12 or 24 weeks after treatment end date for IFN-free DAA regimens (SVR12) and 
IFN-based regimens (SVR24), respectively. Only included those that achieve SVR after ES enrolment date  
§ HCV-RNA test or received HCV treated within 24 months of SVR 
ǁ HCV-RNA positive or received HCV treated within 24 months of achieving SVR  

Individuals enrolled in 
EuroSIDA before 1/1/19

n-22797

Ever anti-HCV positive*

n=9466

Ever HCV-RNA positive†

n=6383

Ever recieved HCV treatment

n=4013

Completed HCV treatment

n=3800

12/24 weeks of FU after 
stopping treatment

n=3572

HCV-RNA result 12/24 weeks 
after stopping treatment

n=2975

SVR‡

n=1965

All

n=1965

24 months of FU after SVR

n=1009

≥1 HCV-RNA test after SVR§

n=636

Reinfectedǁ

n=42

Interferon-based regimen

n=678

24 months of FU after SVR

n=538

≥1 HCV-RNA test after SVR§

n-304

Reinfectedǁ

n=30

Interferon-free DAA regimen

n-1323

24 months of FU after SVR

n=471

≥1 HCV-RNA test after SVR§

n=332

Reinfectedǁ

n-12
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Reinfection after spontaneous clearance: 

Among the 22792 individuals enrolled before 1/1/2019, 8685 ever had a positive anti-

HCV test result, 549 of whom had spontaneously cleared HCV infection (defined 

below). There were 345 individuals who had at least 24 months of FU after 

spontaneous clearance, 161 of which also had at least 1 HCV-RNA test during the 24 

months of FU and were included in this analysis. Baseline was defined as the date of 

spontaneous clearance, which was the second of the two negative HCV-RNA results. 

A description of how individuals were selected for this analysis can be seen in Figure 

6.2. 

 

Figure 6.2: Flowchart for inclusion in spontaneous clearance analysis 

 
* Anti-HCV positive test result 
† Two consecutive negative HCV-RNA results 24 weeks apart, after a positive anti-HCV test result and without 
HCV treatment. Date of spontaneous clearance is the date of second negative HCV-RNA results 
‡ HCV-RNA test or received HCV treated within 24 months of spontaneous clearance 
§ HCV-RNA positive or received HCV treatment within 24 months of spontaneously clearing HCV 

Individuals enrolled in 
EuroSIDA before 1/1/19

n=22797

Ever anti-HCV positive*

n=8685

HCV-RNA tested after anti-
HCV positive

n=5574

HCV-RNA negative after 
anti-HCV positive

n=4267

Spontaneously cleared 
HCV†

n=549

24 months of FU after 
spontaneous clearance

n=345

≥1 HCV-RNA test after SC‡

n=161

Reinfected§

n=11



 

276 
 
 

6.2.2  Definitions 

SVR  

SVR was defined as a negative HCV-RNA result after treatment end date. If the 

individual received IFN-based regimens then the HCV-RNA result had to be 24 weeks 

after the end of treatment or later (SVR24), and if the individual received IFN-free 

DAA regimens then the HCV-RNA result had to be 12 weeks or later (SVR12). 

 

Spontaneous clearance  

Spontaneous clearance was defined as two consecutive negative HCV-RNA results at 

least 24 weeks apart, after a positive anti-HCV test result (as per current EASL 

guidance) (317). Individuals who were treated before their first anti-HCV positive test 

were excluded from this analysis, as were individuals who received HCV treatment 

before the second of the consecutive negative HCV-RNA results. 

 

Reinfection 

Reinfection was defined as being HCV-RNA positive or receiving a new HCV treatment 

regimen within 24 months of SVR or spontaneous clearance. Where individuals had 

multiple positive HCV-RNA tests or started more than one HCV treatment regimen 

within two years of SVR or spontaneous clearance, the first test/treatment after 

clearance was considered to be the date of reinfection. 

 

6.2.3 Variables included in this analysis 

The definitions of the different variables included in this analysis have been described 

below in Table 6.3 
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Table 6.3: Definition of baseline variables included analysis 
Variable Levels Definitions and comments 

Age (years) Continuous (per 1 year older) and 
categorised as ≤45, >45years old 

 

Sex Male, female 
 

Ethnicity White, Global Majority, unknown 
 

Region South (including Argentina and Israel), 
Central - West, North, Central - East, 
Eastern Europe 

Defined in Chapter 2 Section 
2.2 

HIV risk group MSM, PWID, other Other' includes those with 
unknown risk group 

CD4 count (cells/mm3) Continuous and categorised as ≤500, >500 
(cells/mm3), and unknown 

Most recent measurement 
prior to baseline (within one 
year), if not available then 
measurement up to 6 months 
after baseline included  

CD4 nadir (cells/mm3) Continuous and categorised as ≤50, 50-
200, and >200 (cells/mm3), and unknown 

Lowest CD4 count prior to 
baseline, if not available then 
measurement up to 6 months 
after baseline included  

HIV-RNA (cp/ml) ≤500, >500, unknown Most recent measurement 
prior to baseline (within one 
year), if not available then 
measurement up to 6 months 
after baseline included.  

AIDS-defining event Yes, no Defined using CDC's 1993 
clinical definition (421) 

Non-ADI Yes, no Non-AIDS defining malignancy, 
cardiovascular disease, end-
stage liver disease, end-stage 
renal disease, pancreatitis 
(422) 

Date of HCV clearance <2014, ≥2014 
 

Fibrosis <F3, ≥F3* Determined by either a biopsy, 
FibroScan, APRI, or plasma 
hyaluronic acid levels 
measured 1 year prior to 
baseline  

HCV genotype G1, other, unknown 
 

Ever received cART Yes, no Individual ever received cART 
(≥3 drugs) treatment prior to 
baseline 

Prior HCV treatment Yes, no Individual received any HCV 
treatment prior to regimen 
included in analysis 

*Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 
(>160ng/mL)  
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6.2.4 Statistical analysis 

6.2.4.1 Baseline characteristics  

As mentioned above, baseline was defined as the date of SVR for those treated, or 

the second of the consecutive HCV-RNA negative test results for people who 

spontaneously cleared HCV. Only individuals with 2 years of FU after baseline were 

included in this analysis. Baseline characteristics of all individuals included in each 

analysis were described and based on the most recent measurement before baseline. 

If an individual did not have a CD4 count or HIV-RNA value within 12 months prior to 

baseline, then a value up to 6 months after baseline was included instead. Numerical 

variables were described with medians and interquartile ranges, while categorical 

variables were described with numbers and percentages. Liver fibrosis markers 

within one year before baseline were included. When individuals had more than one 

liver fibrosis marker during the year prior to baseline, the most reliable marker was 

included (biopsy, Fibroscan, APRI score, then finally hyaluronic acid). The consensus 

definition published by Mauss et al. was used to determine the stage of liver fibrosis 

(225). Characteristics were compared using the chi-squared test for categorical 

variables and the Kruskal-Wallis test for continuous variables. 

 

6.2.4.2 Reinfection after SVR and SC 

The percentage of individuals who were reinfected after achieving SVR was 

described. This was then explored by region and by treatment regimen and compared 

using a chi-squared test. The percentage of individuals who were reinfected after 

spontaneous clearance was also calculated. However, due to the small numbers, it 

was not possible to explore the percentage of reinfection by different subgroups.  
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6.2.4.3 Factors associated with HCV reinfection  

Logistic regression was used to determine the adjusted odds of being reinfected with 

HCV (HCV-RNA positive or received HCV treatment) in the 2 years following SVR 

among individuals who had sufficient FU. Variables described in Table 6.3 that were 

significant in univariable analysis (p<0.1) were adjusted for in the multivariable 

model.  

 

SAS 9.4 was used for all analyses (version 9.4; SAS Institute, Cary, North Carolina, 

USA).   
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6.3 Results 

The results have been split into 2 sections, Section 6.3.1 which explores reinfection 

after achieving SVR, and Section 6.3.2 which looks at reinfection after spontaneous 

clearance. Table 6.4 below shows the number of individuals included in each analysis. 

 

Table 6.4: Description of individuals included in each analysis 

Section Analysis n included 

6.3.1 Reinfection after SVR 

6.3.1.1 Study population 
Description of individuals eligible  
Comparison of those included vs excluded 

1965 
636 vs 1329 

6.3.1.2 Baseline characteristics 
Comparison between individuals 
reinfected vs not reinfected 

42 vs 594 

6.3.1.3 Factors associated with 
reinfection 

Odds of reinfection 42 vs 594 

6.3.2 Reinfection after spontaneous clearance 

6.3.2.1 Study population 
Description of individuals eligible  
Comparison of those include vs excluded 

549 
79 vs 470 

6.3.2.2 Baseline characteristics 
Comparison between individuals 
reinfected vs not reinfected 

4 vs 75 

6.3.3 Sensitivity analysis 

6.3.3.1 Reinfection after SVR 
analysis 

Compared different lengths of FU 1457 vs 1239 vs 1009 vs 512 

6.3.3.2 Reinfection after 
spontaneous clearance 
analysis 

Compared different spontaneous 
clearance definition 

737 vs 592 vs 549 

 
 

6.3.1 Reinfection after SVR 

6.3.1.1 Study population  

As described above in Section 6.2.1, there were 1965 individuals who achieved SVR 

at least once after enrolment into the EuroSIDA study and prior to 1/1/2019, 1009 

(51.3%) had 24 months of FU after achieving SVR, and 636 (32.4%) of whom had at 

least 1 HCV-RNA test during the 24 months of FU and were included in this analysis. 

There were 1329 individuals who had achieved SVR but were excluded from this 

analysis for not having sufficient FU and a FU HCV-RNA test after SVR. After 

adjustment, the odds of being included in this analysis was higher among those from 

Central Europe [adjusted odds ratio (aOR)=1.76, 95% CI=1.36-2.27], those with 

fibrosis ≥F3 [aOR=2.41, 95% CI=1.80-3.22], and prior HCV treatment [aOR=1.52, 95% 
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CI=1.23-1.89] (Figure 6.3). Those from Central-East/Eastern Europe had a lower odds 

of being included [aOR=0.53, 95% CI=0.39-0.73], as did individuals who started an 

IFN-based regimen ≥2014 or a DAA regimen [aOR=0.55, 95% CI=0.39-0.76 and 

aOR=0.18, 95% CI=0.14-0.24, respectively], and those with genotype 2-4 [aOR=0.65, 

95% CI=0.52-0.81]. 

 

Figure 6.3: Adjusted odds of inclusion in SVR analysis 

 
Model also adjusted for unknown fibrosis and unknown genotype 
* Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 
(>160ng/mL) 

Male

Female

South 

Central - West

North

Central - East/East

No

Yes

Interferon <2014

Interferon ≥2014

DAA

<F3

≥F3*

Unknown

G1

G2 - G4

Unknown

No

Yes

Gender

Region of Europe

AIDS

HCV treatment

Fibrosis

HCV genotype

Prior HCV 
treatment

1.00

0.84 (0.66-1.07)

1.00

1.76 (1.36-2.27)

1.32 (0.98-1.77)

0.53 (0.39-0.73)

1.00

1.21 (0.96-1.53)

1.00

0.55 (0.39-0.76)

0.18 (0.14-0.24)

1.00

2.41 (1.80-3.22)

0.80 (0.56-1.14)

1.00

0.65 (0.52-0.81)

0.57 (0.41-0.78)

1.00

1.52 (1.23-1.89)

0.01 0.05 0.50 5.00

Adjusted odds ratio (95% CI)

aOR (95% CI)
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6.3.1.2 Proportion of reinfection  

As mentioned, individuals were only included if they had 24 months of FU after 

achieving SVR and at least one HCV-RNA test during FU. Among the 636 individuals 

included, 42 (6.6%, 95% CI=4.7-8.5) were reinfected within 24 months of achieving 

SVR. Table 6.5 below shows the number of HCV-RNA tests during 24 months of FU 

after achieving SVR. Overall, the median number of HCV-RNA tests following SVR was 

1 (interquartile range [IQR]: 1-2), however, the number of tests ranged from 0 to 19. 

There was 1 individual who had 0 HCV-RNA tests after SVR, however, as they started 

a new HCV treatment regimen within 24 months of achieving SVR, they were 

considered to be reinfected and included in this analysis. The median number of tests 

among reinfected individuals (2, IQR: 1-4) was slightly higher than the median 

number of tests among those not reinfected (1, IQR: 1-2). While a higher proportion 

of individuals who achieved SVR before 2014 had 4 or more HCV-RNA tests (11.2% vs 

5.7%), there was no difference in the median number of tests between those that 

achieved SVR before or after 2014 (median tests=1, IQR: 1-2 for both groups).  

 

Among the 42 individuals who were reinfected within 2 years of baseline, the median 

time from SVR to reinfection was 14 months (IQR: 7-20). The individual who did not 

have a FU HCV-RNA test started a new HCV treatment 3 months after SVR. Those who 

were treated with an IFN-based regimen were reinfected by a median of 17 months 

(IQR: 6-21), while those treated with an IFN-free DAA regimen were reinfected by a 

median of 10 months (IQR: 8-14).  

 

Table 6.5: Number of HCV-RNA tests during 24 months FU after SVR 

Number of 
tests 

Overall 
Not reinfected 

(n=594) 
Reinfected 

(n=42) 
<2014 

(n=178) 
≥2014 

(n=458) 

n (%) 

0 1 (0.2)  1 (2.4) 1 (0.6)  

1 341 (53.6) 325 (54.7) 16 (38.1) 101 (56.7) 240 (52.4) 

2 185 (29.1) 180 (30.3) 5 (11.9) 45 (25.3) 140 (30.6) 

3 63 (9.9) 58 (9.8) 5 (11.9) 11 (6.2) 52 (11.4) 

≥4 46 (7.2) 31 (5.2) 15 (35.7) 20 (11.2) 26 (5.7) 
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6.3.1.3 Baseline characteristics of individuals included in analysis 

The majority of the 636 individuals included were from Southern Europe (33.6%), 

followed by Central-West (33.8%), North (19.2%), and Central-East/Eastern Europe 

(13.4%) (Table 6.6). The median age was 49 years old (IQR: 43-54), and the majority 

of those included were male (78.1%), and of white ethnicity (86.8%). The most 

common route of HIV transmission was PWID (50.9%), followed by MSM (25.0%), 

heterosexual (12.7%), and other or unknown transmission groups (11.3%). The 

median CD4 cell count was 573 cells/mm3 (IQR: 412-790), 92.8% of individuals had 

an HIV viral load below 500 (cp/ml), and 93.7% of individuals were ever on cART. The 

majority of individuals had a known HCV genotype (n=553, 86.9%), and of those 

genotyped, genotype 1 was the most common (63.3%). There were 571 (89.8%) 

individuals who had a liver fibrosis marker result within 1 year of baseline, the 

majority of whom had fibrosis <F3 (79.3%). 

 

There were significant differences in the proportion of reinfection between baseline 

characteristics (p<0.05). The median age among those reinfected was 47 (IQR: 39-51) 

years but was higher in individuals not reinfected (49 years, IQR: 43-54). Also, the 

median CD4 count was lower among individuals who were reinfected (496 cells/mm3, 

IQR: 334-709) compared to those not reinfected (582 cells/mm3, IQR: 425-799). The 

proportion of reinfection was highest among the MSM risk group (11.9%) and lower 

among PWID (4.9%), heterosexuals (3.7%), and other risk groups (5.6%). Those who 

achieved SVR before 2014 had a higher proportion of reinfection (14.0%) compared 

to individuals who achieved SVR after 2014 (3.7%).  

  



 

284 
 
 

Table 6.6: Baseline characteristics among individuals included, by reinfection status 
  Overall Not reinfected Reinfected P-value 

  n (%) 

Overall 636 (100.0) 594 (93.4) 42 (6.6) 

Sex Male 497 (78.1) 459 (92.4) 38 (7.6) 
0.0521 

Female 139 (21.9) 135 (97.1) 4 (2.9) 

Ethnicity White 552 (86.8) 515 (93.3) 37 (6.7) 

0.7742 Global Majority 14 (2.2) 14 (100.0)  

Unknown 70 (11.0) 65 (92.9) 5 (7.1) 

Region of Europe South  214 (33.6) 207 (96.7) 7 (3.3) 

0.0544 
Central - West 215 (33.8) 195 (90.7) 20 (9.3) 

North 122 (19.2) 115 (94.3) 7 (5.7) 

East/Central - East 85 (13.4) 77 (90.6) 8 (9.4) 

HIV risk group MSM* 159 (25.0) 140 (88.1) 19 (11.9) 

0.0306 
PWID† 324 (50.9) 308 (95.1) 16 (4.9) 

Heterosexual 81 (12.7) 78 (96.3) 3 (3.7) 

Other 72 (11.3) 68 (94.4) 4 (5.6) 

HIV-RNA (cp/ml) ≤500 590 (92.8) 552 (93.6) 38 (6.4) 

0.5960 >500 31 (4.9) 28 (90.3) 3 (9.7) 

Unknown 15 (2.4) 14 (93.3) 1 (6.7) 

AIDS No 464 (73.0) 433 (93.3) 31 (6.7) 
0.8975 

Yes 172 (27.0) 161 (93.6) 11 (6.4) 

Non-ADI‡ No 552 (86.8) 514 (93.1) 38 (6.9) 
0.6378 

Yes 84 (13.2) 80 (95.2) 4 (4.8) 

HCV treatment Interferon  304 (47.8) 274 (90.1) 30 (9.9) 
0.0015 

DAA 332 (52.2) 320 (96.4) 12 (3.6) 

Year SVR <2014 178 (28.0) 153 (86.0) 25 (14.0) 
<.0001 

≥2014 458 (72.0) 441 (96.3) 17 (3.7) 

Fibrosis <F3 453 (71.2) 423 (93.4) 30 (6.6) 

0.5574 ≥F3§ 118 (18.6) 112 (94.9) 6 (5.1) 

Unknown 65 (10.2) 59 (90.8) 6 (9.2) 

HCV genotype G1 350 (55.0) 327 (93.4) 23 (6.6) 

0.7875 G2 - G4 203 (31.9) 188 (92.6) 15 (7.4) 

Unknown 83 (13.1) 79 (95.2) 4 (4.8) 

Ever received cART No 40 (6.3) 38 (95.0) 2 (5.0) 
1.0000 

Yes 596 (93.7) 556 (93.3) 40 (6.7) 

Prior HCV treatment No 388 (61.0) 361 (93.0) 27 (7.0) 
0.6521 

Yes 248 (39.0) 233 (94.0) 15 (6.0) 

  Median (IQR)  

Age (years) 49 (43-54) 49 (43-54) 47 (39-51) 0.0397 

CD4 count (cells/mm3)  573 (412-790) 582 (425-799) 496 (334-709) 0.0291 

CD4 nadir (cells/mm3) 163 (73-271) 163 (69-271) 165 (106-234) 0.6325 

*MSM: Men who have sex with men, †PWID: People who inject drugs  
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal 
disease, pancreatitis 
§Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 
(>160ng/mL)  
n with CD4 count = 634, n with CD4 nadir = 639 
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6.3.1.3.1 Percentage of reinfection by region  

There were also differences in the proportion of individuals reinfected within 24 

months of achieving SVR between regions (p=0.0544) (Figure 6.4). Central-

East/Eastern Europe had the highest proportion of reinfections (9.4%), followed by 

Central-West (9.3%), and Northern Europe (5.7%), with reinfection lowest in 

Southern Europe (3.3%).  

 

Figure 6.4: Percentage of individuals reinfected after SVR by region 

 
The darker shade bar is the proportion included, while the lighter shade bar is the proportion reinfected within 
each region 

 

6.3.1.3.2 Proportion of reinfection by treatment 

The majority of individuals included in this analysis were treated with an IFN-free DAA 

regimen (n=332, 52.2%) as opposed to an IFN-based regimen (n=304, 47.8%) (Table 

6.6). The proportion of reinfected individuals among those treated with an IFN-based 

regimen was 9.9%, which was significantly (p=0.0015) higher than the proportion of 

reinfection among those treated with an interferon-free DAA regimen (3.6%).  
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Figure 6.5: Proportion of individuals reinfected after SVR by treatment 

 
The darker shade bar is the proportion included, while the lighter shade bar is the proportion reinfected within 
each treatment regimen 
 

6.3.1.4 Factors associated with reinfection 

In univariable analysis, individuals >50 years old had a lower odds of reinfection 

compared to individuals ≤50 [odds ratio (OR)=0.46, 95% CI=0.23-0.91], as did females 

[OR=0.36, 95% CI=0.13-1.02], PWID and heterosexuals (compared to MSM) 

[OR=0.38, 95% CI- 0.19-0.77, OR=0.28 and 95% CI=0.08-0.99, respectively], 

individuals with a CD4 count ≤500 cells/mm3 [OR=0.55, 95% CI=0.29-1.02], and those 

who received an IFN-base regimen ≥2014 and IFN-free DAA regimen [OR=0.31, 95% 

CI=0.12-0.79 and OR=0.24, 95% CI=0.12-0.49, respectively]. Year of SVR and 

treatment type were highly correlated, therefore the variables were combined (IFN 

<2014 vs IFN ≥2014 vs DAAs). Individuals from Central-West, and Central-

East/Eastern Europe had a higher odds of reinfection compared to individuals from 

Southern Europe [OR=3.03, 95% CI=1.26-7.33, OR=3.07, 95% CI=1.08-8.76, 

respectively].  
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Figure 6.6 shows the results of the adjusted logistic regression model, which identifies 

characteristics associated with HCV reinfection after SVR. After adjustment, those 

from Central-West still had a higher odds of reinfection compared to those from 

Southern Europe [aOR=2.98, 95% CI=1.16-7.61]. Individuals who received an IFN-

based regimen after 2014 and those that received an IFN-free DAA regiment had a 

lower odds of reinfection compared to those who received an IFN-based regimen 

before 2014 [aOR=0.31, 95% CI=0.12-0.79 and aOR=0.24, 95% CI=0.12-0.49, 

respectively]. Age, gender, HIV risk group, and CD4 count were not found to 

significantly impact the odds of reinfection after adjustment, although all had wide 

confidence intervals.  
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Figure 6.6: Adjusted odds of reinfection after SVR 

Model also adjusted for unknown CD4 count 
*MSM: Men who have sex with men, †PWID: People who inject drugs 
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months of FU, and 161 (29.3%) who were also HCV-RNA tested during that time and 

included in this analysis. There were 388 (70.7%) individuals who spontaneously 

cleared HCV but were excluded from this analysis. After adjustment, individuals 

included in this analysis had a lower odds of being from East/Central-Eastern Europe 

[aOR=0.52, 95% CI=0.28-0.99], heterosexual [aOR=0.31, 95% CI=0.13-0.77], or 

spontaneously clearing HCV after 2014 [aOR=0.55, 95% CI=0.35-0.86], compare to 

those excluded.  

 

Figure 6.7: Adjusted odds of inclusion in spontaneous clearance analysis 

 
Model also adjusted for unknown CD4 fibrosis  
*MSM: Men who have sex with men, †PWID: People who inject drugs 
‡Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 
(>160ng/mL) 
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reinfection was 12 months (IQR: 6-19). Overall the median number of HCV-RNA tests 

after spontaneous clearance was 1 (IQR: 1-2), ranging from 1 test to 8 tests (Table 

6.7). Although all individuals had at least 1 HCV-RNA test, one of the reinfected 

individuals did not have a positive HCV-RNA result. However, this individual received 

a new HCV treatment regimen 5 months after the negative HCV-RNA results, 

indicating they had been reinfected even though the positive test result was missing. 

Among the 11 individuals who were reinfected, the median number of tests was 1 

(IQR: 1-7) while the median number of HCV-RNA tests among the 150 individuals who 

were not reinfected was 1 (IQR: 1-2). The spontaneous clearance definition required 

individuals to have two consecutive negative HCV-RNA results a minimum of 24 

weeks apart, and the median time difference between the two consecutive negative 

HCV-RNA results was 15 months (IQR: 11-41), ranging from 6 to 110 months.  

 

Table 6.7: Number of HCV-RNA tests during 24 months FU after SC 

Number of tests 
Overall Not reinfected Reinfected 

n (%) 

1 94 (58.4) 91 (60.7) 3 (27.3) 

2 52 (32.3) 49 (32.7) 3 (27.3) 

3 8 (5.0) 7 (4.7) 1 (9.1) 

≥4 7 (4.3) 3 (2.0) 4 (36.4) 

 

6.3.2.3 Baseline characteristics of individuals included in analysis 

There were 161 individuals who spontaneous cleared HCV and were included in this 

analysis. Table 6.8 shows the baseline characteristics of those included. The majority 

of the study participants were male (70.8%), of white ethnicity (87.6%), and had a 

median age of 45 years old (IQR: 40-51). The majority of individuals who 

spontaneously cleared HCV were from Central-Western Europe (41.0%), followed by 

South (28.0%), North (19.3%), and Central-East/Eastern Europe (11.8%). The median 

CD4 count was 495 (IQR: 364-720). Only 31.1% of individuals were HCV genotyped, 

of which 50.0% had genotype 1. The majority of individuals had a liver fibrosis marker 

(70.8%), of which 91.2% had fibrosis stage <F3.  
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Due to the small number of individuals who were reinfected, differences in baseline 

characteristics between individuals who were reinfected and not reinfected were not 

formally compared. All 11 of the individuals who were reinfected were of white 

ethnicity, did not have a prior non-ADI, and received cART treatment. Eight 

individuals were male, 5 were MSM, 5 were PWID and 1 was heterosexual. Five of 

the reinfected individuals were from Central-Western Europe and 2 were from 

Southern, Northern Europe, and Central-East/Eastern Europe. The median CD4 count 

was 473 (IQR: 390-778), which was lower than the median CD4 count among 

individuals not reinfected (498 cells/mm3, IQR: 358-720). Seven individuals 

spontaneously cleared the virus before 2014 and 4 cleared the virus 2014 or later.  
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Table 6.8: Baseline characteristics among individuals included, by reinfection status 
  Overall Not reinfected Reinfected 

  n (%) 

Overall 161 (100.0) 150 (93.2) 11 (6.8) 

Sex Male 114 (70.8) 106 (93.0) 8 (7.0) 

Female 47 (29.2) 44 (93.6) 3 (6.4) 

Ethnicity White 141 (87.6) 130 (92.2) 11 (7.8) 

Global Majority 4 (2.5) 4 (100.0)  

Unknown 16 (9.9) 16 (100.0)  

Region of Europe South  45 (28.0) 43 (95.6) 2 (4.4) 

Central - West 66 (41.0) 61 (92.4) 5 (7.6) 

North 31 (19.3) 29 (93.5) 2 (6.5) 

East/Central - East 19 (11.8) 17 (89.5) 2 (10.5) 

HIV risk group MSM* 38 (23.6) 33 (86.8) 5 (13.2) 

PWID† 103 (64.0) 98 (95.1) 5 (4.9) 

Heterosexual 7 (4.3) 6 (85.7) 1 (14.3) 

Other 13 (8.1) 13 (100.0)  

HIV-RNA (cp/ml) ≤500 134 (83.2) 124 (92.5) 10 (7.5) 

>500 27 (16.8) 26 (96.3) 1 (3.7) 

AIDS No 108 (67.1) 102 (94.4) 6 (5.6) 

Yes 53 (32.9) 48 (90.6) 5 (9.4) 

Non-ADI‡ No 146 (90.7) 135 (92.5) 11 (7.5) 

Yes 15 (9.3) 15 (100.0)  

Year of spontaneous clearance <2014 106 (65.8) 99 (93.4) 7 (6.6) 

≥2014 55 (34.2) 51 (92.7) 4 (7.3) 

Fibrosis <F3 104 (64.6) 97 (93.3) 7 (6.7) 

≥F3§ 10 (6.2) 8 (80.0) 2 (20.0) 

Unknown 47 (29.2) 45 (95.7) 2 (4.3) 

HCV genotype G1 25 (15.5) 20 (80.0) 5 (20.0) 

G2 - G4 25 (15.5) 22 (88.0) 3 (12.0) 

Unknown 111 (68.9) 108 (97.3) 3 (2.7) 

Ever received cART No 9 (5.6) 9 (100.0)  

Yes 152 (94.4) 141 (92.8) 11 (7.2) 

  Median (IQR) 

Age (years) 45 (40-51) 45 (40-50) 49 (39-56) 

CD4 count (cells/mm3)  495 (364-720) 498 (358-720) 473 (390-778) 

CD4 nadir (cells/mm3) 125 (56-245) 121 (53-241) 139 (111-389) 

*MSM: Men who have sex with men, †PWID: People who inject drugs 
‡Non-ADI: non-AIDS defining malignancy, cardiovascular disease, end-stage liver disease, HCC, end-stage renal 
disease, pancreatitis 
§ Determined by either a biopsy (≥METAVIR stage F3), FibroScan (>9.5kPa), APRI (score >1.5), or hyaluronic acid 
(>160ng/mL)  
n with CD4 count = 161, n with CD4 nadir = 161 
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6.3.3 Sensitivity analysis  

6.3.3.1 Reinfection after SVR analysis 

While 1965 individuals achieved SVR, only 32.4% (n=636) of individuals were included 

in the analysis as they had 24 months of FU after SVR and had an HCV-RNA test during 

the 24 months of FU. The impact of the length of FU required for inclusion on the 

proportion of individuals who achieved SVR was explored (Figure 6.8). The flowchart 

shows that the shorter the length of FU required, the more individuals included (12 

months: n=1457 vs 36 months: n=512). However, the longer the required length of 

FU, the higher the proportion of individuals with at least 1 HCV-RNA test during FU 

as 67.8% (n=347/512) of individuals had a FU HCV-RNA test within 36 months of SVR 

while only 45% of individuals had a FU HCV-RNA test within 12 months of SVR 

(n=655/1457). Also, the proportion of reinfected individuals was highest when using 

36 months of FU (12.1%, 95% CI=8.7-15.5), followed by 24 months (6.6%, 95% CI=4.7-

8.5), 18 months (4.2%, 95% CI=2.8-5.7), and 12 months (3.1%, 95% CI=1.7-4.4). 
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Figure 6.8: Flowchart for inclusion in SVR analysis – by different inclusion criteria 

 
* Anti-HCV positive, HCV-RNA positive, HCV genotyped, or received HCV treated 
† HCV-RNA positive, HCV genotyped, or received HCV treated 
‡ Negative HCV-RNA result 12 or 24 weeks after treatment end date for IFN-free DAA regimens (SVR12) and 
IFN-based regimens (SVR24), respectively. Only included those that achieve SVR after ES enrolment date  
§ HCV-RNA test or received HCV treated 
ǁ HCV-RNA positive or received HCV treated within 24 months of achieving SVR  
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6.3.3.2 Reinfection after spontaneous clearance analysis 

As previously described in Table 6.2, there are many different ways to define 

spontaneous clearance of HCV. The definition used in this analysis was two 

consecutive negative HCV-RNA results at least 24 weeks apart, with no evidence of 

HCV treatment. However, using different definitions of spontaneous clearance can 

significantly impact the results (Figure 6.9). The least strict definition explored only 

required one negative HCV-RNA test result (>6 months after anti-HCV positive) and 

using this definition a higher number of individuals with sufficient FU would be 

included (n=216) compared to the stricter definition used (n=161). I also looked at 

using two consecutive negative HCV-RNA results but only 12 weeks apart instead of 

24 weeks apart, and also found a higher number of individuals who spontaneously 

cleared HCV would be included (n=184). As well as an increased study population, I 

also found that using a less strict definition of HCV spontaneous clearance such as 

one negative HCV-RNA test result, or two consecutive negative results 12 weeks apart 

meant a higher proportion of reinfection (16.2%, 95% CI=11.3-21.1, and 7.6%, 95% 

CI=3.9-11.4 respectively) compared to the definition used (6.8%, 95% CI=2.9-10.7). 
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Figure 6.9: Flowchart for inclusion in spontaneous clearance analysis – by difference 
spontaneous clearance definitions 

 
* Anti-HCV positive test result 
† Date of spontaneous clearance is the date of second negative HCV-RNA results 
‡ HCV-RNA test or received HCV treated within 24 months of spontaneous clearance 
§ HCV-RNA positive or received HCV treatment within 24 months of spontaneously clearing HCV 
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6.4 Discussion 

This chapter describes the risk of reinfection in HIV/HCV co-infected individuals after 

achieving SVR or spontaneous clearance. Of the 636 HIV/HCV co-infected individuals 

included in this study who achieved SVR and had at least 24 months of FU after SVR, 

6.6% were reinfected within 2 years. There were significant differences in the odds 

of reinfection based on the region of Europe highlighting the importance of targeted 

testing and treatment in high-risk regions. Also, the odds of reinfection reduced in 

the DAA era, contrary to concerns that the introduction of DAAs would increase high-

risk behaviour, and in turn, reinfection (487). The proportion of reinfection within 2 

years of spontaneous clearance was 6.8%, which is similar to the proportion of 

individuals reinfected after SVR. However, around 70% of individuals who 

spontaneously cleared HCV were excluded from this analysis due to insufficient FU. 

 

6.4.1 Reinfection 

We found the proportion of individuals reinfected within 24 months of SVR to be 

6.6%. These findings are consistent with other studies, such as Rossi et al. who 

reported a reinfection rate of 6.0% (n=24/403). They found that reinfection was 

highest among PWID, however they reported that continuous opioid agonist therapy 

reduced the rate of reinfection (495). Ingiliz et al. also reported a similar proportion 

of reinfection between 2014 and 2018 among HIV positive individuals after SVR of 

7.5% (n=38/509), 95% (n=36) of whom were also MSM (494). While the findings 

presented in this chapter are similar to these studies, they were carried out among 

individuals treated with IFN-free DAAs, whereas this analysis included individuals 

treated with any HCV regimen. Only considering individuals treated with IFN-free 

DAAs (n=332) in this analysis, the proportion of reinfected individuals is 3.6%. Young 

et al. included individuals treated with IFN-based and IFN-free treatments and found 

6.5% (n=18/257) of individuals were reinfected. As can be seen in Table 6.1, the 

proportion of HIV co-infected individuals reinfected with HCV after SVR ranged from 
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0.7%-41%. Therefore, while the findings presented in this chapter are not dissimilar 

from a number of previously published studies, differences in populations, follow-up 

time, and definitions make comparisons challenging. This highlights the need for a 

standardised methodology for analysing the prevalence of HCV reinfection. 

 

Since this analysis was carried out, Chkhartishvili et al. presented data on reinfection 

after SVR from Georgia between 2015-2017 (512). They included data on 274 

individuals who achieved SVR and were tested for reinfection and found that 12 

(4.4%) were reinfected by a median of 1.5 (IQR: 0.9-2.2) years (512). There were 85 

individuals included from Central-East/Eastern Europe, 9 (9.4%) of whom were 

reinfected within 2 years of SVR. 

 

The proportion of individuals reinfected after spontaneous clearance was 6.8%. 

Reinfection after spontaneous clearance has previously been described in the 

EuroSIDA study by Peters et al., who reported that 18.3% of individuals were 

reinfected (510). However, the methodology and definitions used in the previous 

EuroSIDA analysis were different from those used in this analysis, which is the main 

reason for this difference. For example, the earlier study defined spontaneous 

clearance as a negative HCV-RNA result after being anti-HCV positive, whereas 

spontaneous clearance was defined as 2 consecutive negative HCV-RNA results at 

least 24 weeks apart in this analysis. Had a broader definition of spontaneous 

clearance been used, which was similar to the definition used by Peters et al., a larger 

number of individuals would be included in this analysis, and the proportion of 

reinfected individuals would be 16.2% (Figure 6.9), which is not dissimilar to the 

results reported by Peters et al..  
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The proportion of reinfection after SVR (6.6%) was very similar to the proportion of 

reinfection after spontaneous clearance (6.8%). Martin et al. and Ingliz et al. also 

included individuals who achieved SVR and spontaneously cleared HCV, they 

compare both HCV clearance groups and found that the reinfection rate was lower 

among individuals who spontaneously clearer HCV compared to individuals who 

achieved SVR (377,499). However, this contradicts with Islam et al., who reported 

reinfection after spontaneous clearance to be higher than reinfection after achieving 

SVR (492). However, their finding may be due to differences in the characteristics or 

testing frequency between individuals who were treated and spontaneously cleared 

HCV (492). 

 

6.4.2 Factors associated with reinfection after SVR  

After adjustment, the odds of reinfection was lower among those that received DAAs 

or IFN-based regimens after 2014 (compared to individuals who received an IFN-

based regimen before 2014), which is in contrast to fears that reinfection would 

increase in the DAA era due to increased high-risk behaviours. The reduction in 

reinfection could be due to a lower prevalence of HCV in the population since the 

increased uptake of DAA treatment in 2014 (368). A recently published report by 

Doyle et al. explored the impact of curing HCV in HIV positive gay and bisexual men 

on the prevalence of HCV (513). They found that the incidence and prevalence of HCV 

drastically decreased with treatment scale-up (513). These findings highlight the 

effectiveness of treatment as prevention in the HCV setting, which the findings 

presented in this chapter also support. Hosseini-Hooshyar et al. recently explored 

HCV reinfection among HIV positive individuals in Australia after unrestricted access 

to DAA therapy and also reported lower rates of HCV reinfection (514). They also did 

not find any increase in the levels of high risk injecting or sexual behaviour since the 

introduction of DAA therapy (514). Ingiliz et al. reported a similar reinfection rate 

in both the interferon era and DAA era (494). Marco et al. carried out an analysis 

among incarcerated individuals during the IFN and DAA era and found that 
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reinfection in the DAA era was much higher (491). However, there were significant 

differences between the studies, as the analysis in the IFN-era had a much smaller 

sample size and a much shorter FU time (491). Also, the proportion of reinfection was 

highest in East/Central-Eastern Europe (9.4%), followed by Central-West (9.3%), 

North (5.7%), and Southern Europe (3.3%). However, after adjustment only Central-

Western Europe had a significantly higher odds of reinfection compared to Southern 

Europe.  

 

In univariable analysis, the proportion of reinfection after SVR was highest among 

MSM, which has been reflected in other studies (494,496). This finding is mainly 

explained by the varying sexual and drug-related risk behaviours among this 

population (515). Also, several studies have explored HCV infection among HIV 

negative MSM using pre-exposure prophylaxis (PrEP) and found the prevalence of 

HCV to be similar among both HIV negative and HIV positive MSM (516–518). The 

strains of HCV circulating in the HIV negative and HIV positive MSM populations were 

also found to be similar, indicating sexual transmission of HCV is occurring between 

both groups (516–518). The HCV epidemic is expanding to HIV negative MSM on 

PReP, therefore, HCV surveillance and interventions should not be restricted to only 

HIV positive MSM. After adjustment, there was still a trend of higher reinfection 

among MSM but the finding was not statistically significant. However, as this is real-

world data the testing frequency is not standardised. EASL recommend testing PLWH 

with ongoing risk behaviours for HCV reinfection after SVR or spontaneous clearance 

at 3 to 6-month intervals (4 to 8 test over 24 months) (317). However, only 5.2% of 

non-reinfected individuals who achieved SVR had ≥4 HCV-RNA tests during months 

of FU, while 35.7% of those reinfected had ≥4 tests. Therefore, some of the 

associations (or lack of associations) with risk factors and reinfection may be due to 

increased (or decreased) HCV testing among certain groups.  
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6.4.3 Strengths and limitations 

This analysis had several limitations. Firstly, it was not possible to determine whether 

all individuals who completed treatment achieved SVR due to missing HCV-RNA data, 

which could be due to insufficient FU time, individuals being LTFU, or not adequately 

followed-up after HCV treatment. Also, missing FU HCV-RNA data after achieving SVR 

or spontaneous clearance meant it was not possible to assess reinfection in all 

individuals. The EuroSIDA Study did not collect data on HCV risk behaviours and so I 

was unable to assess their impact on HCV reinfection, which would also have been 

useful as this has been shown to impact the odds of HCV reinfection in other studies 

(278). I was also unable to assess the impact of harm reduction services on reinfection 

due to the lack of validated data on opioid substitution therapy and needle exchange 

programs. The majority of study participants were also of white ethnicity which 

meant it was not possible to explore differences in reinfection based on ethnicity. 

Phylogenetic analysis to check for HCV reoccurrence was not carried out, and it was 

assumed that all re-emergence of HCV was due to reinfection. It is possible that some 

late relapses could have been misclassified as reinfection, though this is unlikely as 

>95% of late relapse occurs within 12 weeks of treatment end date (519). Also, some 

clinics may have targeted HCV-RNA testing to those at the highest risk of reinfection, 

or with signs of reinfection. Finally, the EuroSIDA study may not be representative of 

the HIV/HCV co-infected population, and the frequency of HCV testing may not 

accurately reflect the testing carried out during routine care (520). 

 

This analysis also had several strengths, mainly that we were able to include a large 

number of individuals from across Europe that cleared HCV, including a large number 

of individuals from Eastern Europe where HCV reinfection among PLWH has not 

previously been described (at the time of this analysis). Since this analysis, a poster 

presented at the Conference on Retroviruses and Opportunistic Infections described 

reinfection in Georgia (512). They found that among 420 HIV/HCV co-infected 
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individuals, 12 (4.4%) were reinfected by a median of 1.5 years (IQR: 0.9-2.2). Only 

individuals who had at least 2 years of FU to explore reinfection were included. This 

was because the longer individuals are followed for, the higher the chance of finding 

reinfection, therefore only including individuals with sufficient FU reduced the 

potential risk of bias (those followed for longer would have a higher proportion of 

reinfection). Also, including individuals with insufficient FU after HCV clearance would 

lead to an underestimation of the proportion of individuals who were reinfected. 

Also, only individuals with at least 1 HCV-RNA tested during FU were included, 

however as mentioned above, the difference in testing frequency between different 

risk groups could still bias the results. 

 

6.5 Dissemination of results 

Some of the findings from this chapter were presented as a poster at the 5th 

International HIV/Viral Hepatitis Co-Infection Meeting (Appendix IX), and as an oral 

at the International AIDS Society Conference in 2019 (Appendix X). A manuscript is in 

preparation.  
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Chapter 7 Discussion  

Since the start of this thesis, there have been several changes to the HIV epidemic. 

According to UNAIDS, there were 36.7 million people living with HIV in 2017, but by 

2020 the estimated prevalence had increased to 38 million (3,521). In 2019, 1.7 

million individuals were newly infected with HIV, which is a decrease from 2016 when 

1.8 million individuals were newly infected (3,521). The Fast-Track Targets were 

agreed upon in 2016 by the UN General Assembly (see Chapter 1 Section 1.1.1) and 

aimed to reduce the number of deaths and new infections to less than 500000 by 

2020 (13). Unfortunately, these targets were not met, however, there was a 

substantial increase in the number of people accessing antiretroviral therapy, from 

20.9 million in 2016 to 26 million by the end of 2020 (3,521). There have also been 

improvements to the HIV treatment landscape since the start of this thesis. The most 

notable improvement is the approval of the long-acting drug cabotegravir in 2020, 

which is structurally closest to the integrase inhibitor dolutegravir (522). This 

simplified HIV regimen may be preferred to standard daily oral HIV therapy by PLWH, 

and potentially also increase treatment adherence (522).  

 

To my knowledge, since the 2017 WHO Global Hepatitis Report, the estimate on the 

global prevalence of HCV has not been updated (227). As mentioned throughout this 

thesis, in 2016 the WHO adopted the Global Health Sector Strategy plan to eliminate 

HCV by 2030 which requires a 90% reduction in HCV incidence and a 65% reduction 

in HCV-related mortality compared to the 2015 baseline (227,231). This strategy has 

since been adopted by several national hepatitis elimination plans. In 2019 Razavi et 

al. explored whether 45 high-income countries were on track to achieve elimination 

by 2030 (523). They found that 80% of countries were not on track to achieve the 

WHO targets by 2030, and 67% of countries were off by 20 years (523). However, 

Australia, France, Iceland, Italy, Japan, South Korea, Spain, Switzerland and the 

United Kingdom were projected to meet the elimination targets by 2030 (523). 
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Each results chapter in this thesis provides useful information to help monitor 

progress towards the WHO goals and highlights areas that need work to achieve 

elimination by 2030. A summary of the results of each analysis presented in this thesis 

can be found in the discussion section of each results chapter (Chapter 3-6). Below is 

a discussion of the limitations, clinical implications of these results, suggestions for 

further research, and concluding remarks.  

 

7.1 Limitations 

Specific limitations relating to each of the four analyses can be found in the discussion 

section of each results chapter. The general limitations that apply to multiple 

chapters have been discussed below. 

 

7.1.1 Observational studies 

I carried out all the analysis in this thesis using data from the EuroSIDA observational 

cohort study. EuroSIDA has limited exclusion criteria, which varies depending on the 

cohort. For example, for Cohort XI which started enrolled in 2019, the only individuals 

excluded are individuals under 18 years old and individuals who started an integrase 

inhibitor before 2012. This means a broad spectrum of individuals are included in the 

study regardless of gender, ethnicity, or risk factor. Data was originally collected 

every 6 months, however due to PLWH having less frequent clinic visits this was 

adapted, and data is collected annually since 2017. Also, the enrolment of new 

cohorts into the study occurs in recruitment waves to ensure participants are not 

excluded due to irregular FU. Observational cohort studies such as EuroSIDA have 

many benefits for carrying out clinical research, such as having a large, 

heterogeneous study population with long FU. They are also very useful for exploring 

a wide range of disease outcomes. 
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However, observational cohort studies have several potential biases due to the 

nature of the study design. The term bias is used in epidemiological studies to 

describe non-random errors, also known as systematic errors. There are many 

different types of bias, but they can generally be categorised as selection bias or 

information bias. Selection bias occurs when there are systematic differences 

between individuals who took part in the study and those eligible that did not partake 

in a study or dropped out. As individuals have to be measured over a long period of 

time, it is possible to lose contact with patients. Those who are lost-to-follow-up 

(LTFU) may have poorer outcomes than those that are not disengaged from care, 

which causes attrition bias. This can lead to an over/underestimation of the effect 

estimates, as those with less favourable outcomes are not included in the analysis. 

The incidence of LTFU in the EuroSIDA study is generally low, and was estimated to 

be 3.72 per 100 PYFU in a paper published by Mocroft et al., however they reported 

considerable differences between countries (393). 

 

Information bias mainly occurs when data is incorrectly recorded. These errors can 

be due to the patient, the person recording the information, or even the medical 

instrument or questionnaire used to take the measurements. If the errors occur at 

random, then this type of information bias is known as non-differential bias. This is 

more of a problem when the study results show no association as this bias can reduce 

the true association between an exposure and outcome. Differential bias occurs 

when the study participants supply different information based on the exposure or 

outcome. For example, individuals who have the outcome of interest may be more 

likely to recall risky behaviours, this is also known as recall bias.  

 

Any of these biases may occur when analysing cohort data, therefore it is important 

to address them using statistical methods or recognise the bias and acknowledge the 

limitations the results may have. 
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7.1.2 Unmeasured confounding 

In randomised controlled trials (RTC), the issue of confounding is alleviated as 

individuals are allocated to a treatment regimen or intervention at random. This 

means that the patient characteristics in different arms are balanced, therefore by 

design confounding can be controlled for. Different multivariable statistical 

techniques, which have been used throughout my thesis, can be used to adjust for 

measured confounding. However, if the confounder is unmeasured or unknown it is 

not possible to adjust for the potential bias. Although a large range of variables are 

routinely collected in the EuroSIDA study, problems around unmeasured or unknown 

confounding are unavoidable with cohort studies. Also, residual confounding can 

occur due to measurement errors and inaccuracies, which can bias the effect 

estimates. Therefore, there is no guarantee that the estimates presented in this 

thesis have not been biased by these limitations. 

 

While an RCT could overcome the issues of unmeasured and residual confounding, it 

would not be suitable for any of the analyses presented in this thesis. For example, 

Chapter 6 looks at the risk of reinfection after treatment with IFN-free or IFN-based 

regimens. It is possible to randomise individuals to receive an IFN-based or IFN-free 

treatment regimen and FU them for 2 years to determine the proportion of 

reinfection. However, it would be unethical to randomise individuals to an IFN-based 

regimen which is known to be much less effective and have worse side effects than 

an IFN-free treatment regimen. Also, Chapter 5 describes the proportion of 

individuals who achieve SVR after treatment with an IFN-free DAA regimen. While 

this could be explored in an RTC (and has been), the purpose of this chapter was to 

explore whether the results found in RTCs could be reflected in real-world data. This 

can be said of all chapters, as I was interested in clinical outcomes in a real-world 

clinical setting. Therefore, while RTC are the gold-standard study design for evidence-
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based medicine, a cohort study design provides the best quality evidence for the aims 

of this thesis.  

 

7.1.3 Generalisability  

The EuroSIDA study collects data from all over Europe which helps improve the 

representativeness of the data and is one of the major strengths of the study. 

However, there are some limitations regarding the generalisability of the data. 

Individuals who attend EuroSIDA clinics may differ from individuals who attend non-

EuroSIDA clinics. Centres that contribute data to EuroSIDA are generally university 

affiliated with larger facilities in major cities, which provide an above-average 

standard of care. Therefore, data collected from centres like this may not be 

representative of the country, region, or populations with barriers to engagement 

with health services. Also, data from each centre are grouped into regions, however 

there may be significant inter-regional differences in the care provided. This makes it 

difficult to generalise findings to a specific region as it may only reflect individuals 

within a specific country or centre. Therefore, the differences in the people included 

in the EuroSIDA study could lead to bias, as individuals selected to participate in the 

study are not representative of the wider population.  

 

Also, there are countries outside of Europe with a high prevalence of HIV/HCV co-

infection. Therefore, while the questions addressed in this thesis are relevant outside 

of Europe, the findings of this thesis may not be generalizable to other regions as the 

distribution of the HCV epidemic globally is heterogeneous.  
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7.1.4 Missing data and data availability  

The EuroSIDA study was originally set up and designed to explore HIV, however 

EuroSIDA has been able to adapt and evolve over the years to meet the current 

research agenda. Therefore, when HCV co-infection and liver-related death was 

found to be of increased risk among PLWH, EuroSIDA began collecting data on this. 

They were able to explore HCV prevalence among those with laboratory data in the 

plasma repository, however, not all individuals enrolled had lab data stored there. 

Therefore, historic data on HCV is missing among many individuals. There are several 

processes adopted by EuroSIDA to reduce the amount of missing data, which have 

been described in the Methods Chapter (Section 2.2.4) however, recent data is also 

sometimes missing. Also, due to the differences in resources, equipment and care 

across the EuroSIDA centres (520), some information cannot be collected at all clinics.  

 

In each analysis presented in this thesis, there have been missing data for key 

variables such as HCV-RNA and liver fibrosis stage. While there are many ways to 

address missing data, the ideal scenario is having a complete dataset. In the analyses 

presented in this thesis, missing data was mainly dealt with by only carrying out 

complete case analysis, including a missing or unknown category, or using the last 

value carried forward. If data are missing at random (MAR), meaning the missing data 

is not related to the outcome, then missing data in predictor variables do not create 

bias. However, if the MAR assumption cannot be made, then these methods can 

introduce bias in the results.  

 

The EuroSIDA Study collects large amounts of detailed clinical information, however, 

there was still a lack of data on a number of important variables. Up to date 

information on alcohol consumption would have been very useful for my analysis 

exploring factors associated with advanced fibrosis, as it is known to impact liver 
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fibrosis. While the EuroSIDA study does collect information on alcohol use, the data 

is poor quality and not usable. The inadequate information on injection drug use was 

also a limitation of a number of my analyses. Having up to date information on 

injection drug habits and access to harm reduction services would have allowed me 

to better explore the outcomes of PWID. Also, the impact of social and structural 

determinants of health on clinical outcomes are widely known, however there was 

no data in the EuroSIDA study to explore this.  

 

7.1.5 Data quality  

As with any cohort of this size, there may be data errors due to data entry mistakes 

or issues with the data management process. This can lead to non-differential or 

differential information bias depending on whether the errors are random or 

systematic, respectively. To help combat this, the EuroSIDA coordinating centre 

conducts quality control checks to ensure the accuracy of the data provided 

(described in Chapter 2 Section 2.2.4). The statistical centre also carries out data 

checks once the data has been finalised. There have been changes in the type of data 

collected by EuroSIDA over the years, most notably, the decisions to solely enrol HCV 

co-infected individuals in Cohort X. This meant the collection of HCV related variables 

that had not been previously included, and restructuring of the follow-up forms was 

required to ensure the integration of HIV and HCV data collection.  

 

7.2 Clinical implications and further research 

Despite the limitations mentioned above, there are a number of important 

implications from my research. In Chapter 3, I described the regional differences in 

advanced fibrosis over time, including data from regions not previously well 

described. Overall, 32.1% of individuals had advanced fibrosis between 2010 and 
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2018, however 67.9% of HCV-RNA positive individuals included in this analysis had 

never received HCV therapy. This analysis also described risk factors that increase the 

odds of having advanced fibrosis, to highlight where interventions need to be 

targeted to reduce the burden of advanced fibrosis. Having a CD4 count >500 

cells/mm3 increased the odds of advanced fibrosis, indicating the importance of also 

ensuring co-infected individuals engage with HIV care and treatment. The odds of 

having advanced fibrosis increased with age, and there was also evidence of PWID 

having a higher odds of advanced fibrosis. This highlights the need for targeted 

screening and treatment of HCV among older individuals and PWID. Treatment with 

DAAs was associated with a reduced odds of advanced fibrosis, stressing the 

importance of DAA uptake to reduce to burden of liver-related complications. There 

were also regional differences in the change in the burden of fibrosis over time. While 

the odds of having fibrosis ≥F3 decreased over time in Southern and Central-Western 

Europe, it increased in Eastern Europe. All individuals with chronic HCV should have 

access to DAA therapy regardless of their fibrosis stage or HIV status. However as 

mentioned previously, some countries still have restrictions on DAA access (366). 

Therefore, these results show the importance of starting ART and engaging with HIV 

care to ensure HIV virological suppression while waiting for HCV treatment, which 

can reduce the risk of developing advanced fibrosis. It would be useful to repeat this 

analysis when more FU data is available to monitor the changing epidemic in different 

regions, hopefully showing a downward trend in advanced fibrosis in Eastern Europe 

as DAA treatment uptake increases. 

 

In Chapter 4 I described a new methodology to express the HCV CoC which could be 

applied to other HIV/HCV cohorts to help standardise reporting of the CoC. The 

methodology I developed has already been applied to two different cohort studies 

and presented at international conferences (Austrian cohort presented at CROI (447) 

and ICONA cohort presented at the International Liver Congress(524)). I applied the 

methodology to two separate time-points, which highlighted the improvement in the 
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transition of individuals through care over time. It would be interesting to see how 

individuals progress through the COC in the future, which can be explored using 

updated EuroSIDA data that includes further follow-up. Hopefully, as we move 

further away from IFN-based regimens and towards better access to DAA treatment 

for all, the CoC continues to improve, with an increase in screening, treatment, and 

cure, and higher and quick rates of transition through stages.  

 

One of the largest gaps in the cross-sectional CoC was between being diagnosed as 

HCV-RNA positive and starting HCV treatment, which was seen at both time points. 

While HCV treatment guidelines recommend the immediate treatment of all 

individuals (506), this is not always possible in all settings. The cost of treatment is 

one of the main factors limiting widespread access to DAAs, however, even though 

the cost of DAAs are is still very high, they have been shown to be highly cost-effective 

(418,525). The cost of DAAs have decreased as newer DAAs have entered the market, 

and also due to the high efficacy and availability of generics (526). Regardless, some 

European countries still do not provide widespread access to DAA treatment to all 

HCV positive individuals (366). Hopefully, this analysis can be used to encourage 

policymakers to ensure guidelines around HCV treatment are followed, by taking 

steps to remove barriers to care and ensuring engagement and retention in care 

among marginalised populations. Also, further research into why certain individuals 

are not referred for treatment, or why individuals are not engaging when referred for 

treatment is needed. This could be explored using mixed methods, including 

interviews with clinicians and patients. The findings could then be used to plan 

appropriate interventions to improve access to care. Also, future research on the 

cost-effectiveness of early treatment of HCV in all settings is vital as many health 

systems are attempting to reduce costs.  
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Since the methodology to explore the HCV CoC was developed, Safreed-Harmon et 

al. published the Consensus Hepatitis C Cascade of Care to a standardised reporting 

and monitoring of progress towards HCV elimination targets (446). The first stage 

they included was the prevalence of HCV in the population, followed by the 

proportion that has been diagnosed (446). The proportion of individuals diagnosed 

with HCV is still very low globally. In 2016, the diagnosed population ranged from 10% 

in low-income countries to 40% in high-income countries (228). Also, analysis of 7 

HCV elimination initiatives in HIV positive gay and bisexual men and/or PWID carried 

out in 2018 (n=4894) reported that approximately 50% of patients remained 

untreated (527). For the impact of these new effective HCV treatments to be felt, 

diagnostic services need to drastically improve as HCV infection is extremely 

underdiagnosed. Following the method proposed by Safreed-Harmon et al. would 

allow us to explore the undiagnosed population, and target interventions to improve 

diagnostic services. There is currently ongoing research at CHIP to further develop 

the cross-sectional CoC described here to estimate the undiagnosed population in 

EuroSIDA. However, based on the results from the cross-sectional CoC presented in 

this thesis, there have already been improvements in HCV testing from 2015 to 2017. 

Overall, there was a 5% increase in HCV-RNA testing across regions (from 83% in 2015 

to 88% in 2017), however this varied between regions as there was a 10% increase 

(from 53% in 2015 to 63% in 2017) in Eastern Europe. While the improvement in 

testing is promising, in 2017 only 63% of HCV positive individuals in East Europe had 

a HCV-RNA test which is still very low. Also, while the cost of testing remains high, 

under-diagnosis of HCV will continue to be a barrier to HCV elimination. 

Improvements in diagnostic testing, such as the development and widespread use of 

an affordable one-step test that could be carried out at the point of care, would make 

it easier to identify individuals in need of HCV treatment. 

 

I also developed a methodology to explore the longitudinal HCV CoC, which was 

based on applications in the HIV CoC (385). This method overcomes the limitations 
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of the cross-sectional CoC and allows us to consider death and LTFU. This method 

differed from the previous cross-sectional analysis as it allowed us to follow the same 

individuals from enrolment into EuroSIDA for 2 years and visualise how they 

progressed through care. While the cross-sectional and longitudinal CoC are not 

directly comparable, the results of the longitudinal CoC can complement the cross-

sectional results and provide further information on how individuals transition 

through care. There were significant regional differences in the longitudinal CoC 

which is consistent with the findings from the cross-sectional CoC. Over 15% of PMFU 

was spent with an unknown HCV-RNA status over 2 years of FU, however, similar to 

the cross-sectional CoC results, HCV-RNA testing varied by region. Less than 7% of 

PMFU was spent with an unknown HCV-RNA status in South, Central-West, and 

Northern Europe, however this increased to 27% in Central-Eastern Europe, and 38% 

in Eastern Europe. Also, access to DAAs was lower in Central-East and Eastern Europe, 

and the increase in DAA uptake was also slower, highlighting disparities in HCV 

diagnosis and DAA access in Europe, and the need for immediate targeted action to 

increase HCV testing and DAA therapy in Eastern Europe if the 2030 elimination 

targets are to be met.  

 

This is a useful tool that provides insight into how individuals transition through care 

over time and has not yet been utilised in the HCV context. Understanding the time 

individuals spend in each stage of the continuum, and where they are lost is crucial 

when planning where interventions should be targeted. This was the first time the 

methodology devised by Jose et al. has been applied to the HCV landscape (385). This 

longitudinal approach can be applied to other HCV cohorts in conjunction with the 

cross-sectional method, as it can overcome some of the limitations of the traditional 

CoC approach. There are also extensions to this method, as proposed by Lesko et al., 

which would allow us to adjust for important variables using inverse probability 

weighting (452). Hopefully, this methodology can also be applied to a longitudinal 

HCV CoC. 
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Chapter 5 highlights that DAAs are effective in HIV positive individuals in a real-world 

setting, which is in agreement with findings from other cohort studies and highlights 

the importance of treating all HCV-RNA positive PLWH (466,468,469). This analysis 

included a large proportion of PWID (55%), and there was no evidence to suggest that 

PWID had lower odds of achieving SVR. This supports the current guidelines that HCV 

positive individuals should be treated regardless of their risk group, and that 

appropriate interventions should be carried to prevent disengagement from care 

(506). There was evidence that ESLD reduced the odds of achieving SVR after 

adjustment. The results from Chapter 3 showed that treatment with DAAs reduced 

the odds of having advanced liver fibrosis. Therefore, the findings from both chapters 

highlight the importance of treating HCV as soon as possible to avoid deterioration 

of the liver, as it will also increase the chance of treatment failure. While estimates 

of SVR in real-world studies have previously been published, the data from this 

chapter is still important as the EuroSIDA cohort is uniquely positioned to also explore 

regional differences. Also, due to the minimal exclusion criteria, it was possible to 

explore differences between risk groups and estimate the proportion of PWID who 

achieve SVR which other studies have not been able to on this scale. 

 

The research findings presented in Chapter 6 also has important clinical implications, 

as addressing reinfection after cure is one of the final hurdles to achieving HCV 

elimination. Overall, the rate of reinfection within 2 years of achieving SVR was 6.6%. 

This highlights the need to ensure individuals at high risk of reinfection are followed 

up after cure, and that healthcare providers continue to support and frequently test 

individuals to identify reinfection early. However, as the CoC results have shown, 

there are huge disparities in access to HCV testing across the different regions in 

Europe. Therefore, continued testing post SVR may be challenging in certain regions 

until steps are taken to improve access to frequent HCV-RNA testing. Reinfected 

individuals need to be treated early to avoid deterioration of health and to prevent 

onward transmission (506). Also, due to the high cost of DAAs, it would be prudent 
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to maximise the duration of clearance by ensuring high-risk individuals are engaged 

with health care services before, during and after treatment. Some analysis has been 

carried out which highlight the impact of behaviour counselling and harm reduction 

serviced on reinfection (528), however further research into ways to minimise 

reinfection is important. The proportion of individuals reinfected after receiving a 

DAA regimen was lower than the proportion reinfected after receiving an IFN-based 

regimen. Again, this highlights the importance of widespread access to DAA 

treatment. There was no evidence to suggest the HIV risk group impacted the odds 

of reinfection after SVR. Therefore, this research can help to reduce stigma around 

treating PWID due to fear of reinfection.  

 

There were 636 individuals with sufficient FU after SVR included in this analysis, 43 

of whom were reinfected. However, there were even fewer individuals included in 

the analysis exploring reinfection after spontaneous clearance (n = 161, 11 

reinfected). Due to the low number of reinfections after spontaneous clearance, I was 

unable to use any statistical modelling to explore factors associated with reinfection 

after spontaneous clearance. Hopefully, further research on factors associated with 

reinfection after SVR and spontaneous clearance can be carried out on a newer 

EuroSIDA dataset which includes more FU. However, a multi-cohort study, such as 

RESPOND, would be better powered to explore factors associated with reinfection in 

Europe in the DAA era and after spontaneous clearance. There is currently no 

effective vaccine for HCV infection, therefore continued work towards a vaccine must 

be intensified to achieve the goal of HCV elimination by 2030 (371) 

 

7.3 Concluding remarks  

This thesis aimed to contribute to the epidemiologic data on HIV/HCV co-infected 

individuals in Europe and to improve our understanding of the priority areas for 
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action to achieve the goal of elimination by 2030. This thesis also provides important 

baseline data which will help monitor progress towards achieving this goal.  

 

Around 32% of the individuals included in the Chapter 3 analysis had advanced 

fibrosis or cirrhosis between 2010 and 2018. Widespread access to DAAs is crucial to 

prevent serious liver-related complications, however, 67.9% of individuals included 

in this analysis are in urgent need of medical management as they have never 

received any HCV treatment. While the introduction of effective, safe, and tolerable 

treatment has made a significant impact on the burden of fibrosis in Europe, an 

increase in screening is necessary to really reap the benefits of DAAs. HCV screening 

and treatment should be targeted to HIV/HCV co-infected individuals over 40 years, 

PWID, and those with a low CD4 count as they all had a higher odds of advanced 

fibrosis. The high prevalence of fibrosis ≥F3 and the relationship between CD4 count 

and advanced fibrosis highlights the need to prioritise HIV and HCV screening, linkage 

to both HIV and HCV care, and increased treatment access across Europe. All 

individuals should be prioritised for HCV treatment regardless of fibrosis stage, 

however if for any reason HCV cannot be treated, the relationship between CD4 

count and fibrosis ≥F3 also highlights the importance of encouraging patients to start 

ART while waiting for HCV treatment, to maintain HIV virological suppression and 

increase their CD4 cell count (as recommended by HIV treatment guidelines (116)). 

 

The regional differences identified in the cross-sectional CoC (Chapter 4) emphasise 

the importance of assessing the treatment landscape, developing strategies to 

reduce prevalence, and establishing better standards of care for individuals with both 

HIV and HCV, as well as emphasising the importance of in-depth analyses of the 

reasons for these gaps at the local level. The majority of co-infected individuals are 

people who inject drugs (227), which means they also face social issues such as stigma 

and marginalisation which act as barriers to care (529). Therefore, work on removing 
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barriers to care and establishing a meaningful continuum is essential if the goal of 

eliminating viral hepatitis as a public health threat by 2030 (227) is to be met.  

 

In Chapter 4 I also presented a longitudinal method for exploring how individuals 

transition through HCV care. While the cross-sectional CoC is a very useful tool, the 

longitudinal CoC approach can take the temporal aspect of the HCV CoC into 

consideration. However, the longitudinal CoC is a more complicated approach than 

the cross-sectional CoC and may not be as easily implemented in many settings. 

Therefore, I suggest it is used to complement the traditional cross-sectional CoC for 

the evaluation of health care disparities and target setting, as it can provide 

additional insight into how individuals transition through the CoC.  

 

The analysis in Chapter 5 described the effectiveness of interferon-free DAA 

treatment regimens in a real-world setting found similar rates of SVR to other real-

world cohorts and slightly lower rates than clinical trials, despite 55% of the study 

population being PWID. There was evidence that ESLD reduced the odds of achieving 

SVR, which highlights the importance of treating HCV as early as possible, before 

individuals develop liver complications that increase the risk of treatment failure. 

There was also no evidence of any new serious safety issues. These results 

demonstrate the effectiveness and safety of DAA therapy in HIV/HCV co-infected 

individuals, and supports current treatment recommendations to treat all HCV 

infected individuals, regardless of co-infection with HIV or drug use (365).  

 

In Chapter 6 I explored reinfection 2 years after viral clearance and found that 6.6% 

of individuals who achieved SVR were reinfected. This indicates the need to improve 

surveillance of individuals after curing HCV and maintain their engagement with 

health services. It is also important to target specific interventions to high-risk groups 
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to reduce the rates of reinfection. This includes harm reduction services for PWID, 

and behavioural interventions targeted at MSM who engage in high-risk sexual 

practices associated with HCV (528). It is also vital that HIV negative MSM on PrEP 

receive frequent testing and access to HCV treatment, as this will also help to reduce 

HCV reinfection among HIV positive MSM. After adjustment, the odds of reinfection 

was significantly lower among those that received IFN-free DAA treatment. However, 

while increased early access to DAA treatment is paramount, it is also important to 

introduce prevention strategies to curb high-risk behaviours. Testing after HCV 

clearance was low, especially after spontaneous clearance. However frequent testing 

to identify reinfection early among individuals at high-risk of reinfection is also 

essential to reduce HCV reinfection. Reducing the rate of HCV reinfection is urgently 

needed to reach the goal of elimination by 2030, especially among marginalised and 

vulnerable groups. 

 

While the results of this thesis have shown that the prognosis of individuals with HCV 

infection has generally improved since the introduction of DAAs, there are still 

individuals who do not have access to these life-changing treatments. Interventions 

targeted at key populations are required, as well as continued monitoring of progress 

towards the WHO targets. Hopefully, the results presented in this thesis, along with 

continued activism and advocacy, can improve the clinical care and quality of life of 

individuals co-infected with HIV and HCV, especially among marginalised populations 

who experience significant health inequalities. 
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Appendix I: EuroSIDA Study Group and Steering Committee 

The multi-centre study group, EuroSIDA (national coordinators in parenthesis): 

South: Argentina: (M Losso), M Kundro, Hospital JM Ramos Mejia, Buenos Aires. 

Greece: (H Sambatakou), Ippokration General Hospital, Athens; G Adamis, N Paissios, 

Athens General Hospital "G Gennimatas". Israel: (L Tau), D Turner, M Burke, Ichilov 

Hospital, Tel Aviv; E Shahar, G Hassoun, Rambam Medical Center, Haifa; H Elinav, M 

Haouzi, Hadassah University Hospital, Jerusalem; D Elbirt, AIDS Center (Neve Or), 

Jerusalem. Italy: (A D’Arminio Monforte), Istituto Di Clinica Malattie Infettive e 

Tropicale, Milan; R Esposito, I Mazeu, C Mussini, Università Modena, Modena; F 

Mazzotta, A Gabbuti, Ospedale S Maria Annunziata, Firenze; V Vullo, M Lichtner, 

University di Roma la Sapienza, Rome; M Zaccarelli, A Antinori, R Acinapura, M Plazzi, 

Istituto Nazionale Malattie Infettive Lazzaro Spallanzani, Rome; A Lazzarin, A 

Castagna, N Gianotti, Ospedale San Raffaele, Milan; M Galli, A Ridolfo, Osp. L. Sacco, 

Milan. Portugal: (A Zagalo), Hospital Santa Maria, Lisbon; K Mansinho, Hospital de 

Egas Moniz, Lisbon; F Maltez, Hospital Curry Cabral, Lisbon. Spain: (JM Miro), JM 

Miró, M. Laguno, E. Martinez, F. Garcia, JL Blanco, M. Martinez-Rebollar, J. Mallolas, 

Hospital Clinic – IDIBAPS University of Barcelona, Barcelona; S Moreno, S. del Campo, 

Hospital Ramon y Cajal, Madrid; B Clotet, A Jou, R Paredes, J Puig, JM Llibre, JR Santos, 

Infectious Diseases Unit & IrsiCaixa AIDS Research Institute, Hospital germans Trias I 

Pujol, Badalona; P Domingo, M Gutierrez, G Mateo, MA Sambeat, Hospital Sant Pau, 

Barcelona; JM Laporte, Hospital Universitario de Alava, Vitoria-Gasteiz.  
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Central West: Austria: (B Schmied), Otto Wagner Hospital, Vienna; R Zangerle, 

Medical University Innsbruck, Innsbruck. Belgium: (N Clumeck), S De Wit, M Delforge, 

Saint-Pierre Hospital, Brussels; E Florence, Institute of Tropical Medicine, Antwerp; L 

Vandekerckhove, University Ziekenhuis Gent, Gent. France: (J-P Viard), Hôtel-Dieu, 

Paris; P-M Girard, Hospital Saint-Antoine, Paris; C Pradier, E Fontas, Hôpital de 

l'Archet, Nice; C Duvivier, Hôpital Necker-Enfants Malades, Paris. Germany: (J 

Rockstroh), Universitäts Klinik Bonn; G Behrens, Medizinische Hochschule Hannover; 

O Degen, University Medical Center Hamburg-Eppendorf, Infectious Diseases Unit, 

Hamburg; HJ Stellbrink, IPM Study Center, Hamburg; C Stefan, JW Goethe University 

Hospital, Frankfurt; J Bogner, Medizinische Poliklinik, Munich; G. Fätkenheuer, 

Universität Köln, Cologne. Luxembourg: (T Staub), R Hemmer, Centre Hospitalier, 

Luxembourg. Switzerland: (A Scherrer), R Weber, University Hospital Zurich; M 

Cavassini, University Hospital Lausanne; A Calmy, University Hospital Geneva; H 

Furrer, University Hospital Bern; M Battegay, University Hospital Basel; P Schmid, 

Cantonal Hospital St. Gallen. 

North: Denmark: G Kronborg, T Benfield, Hvidovre Hospital, Copenhagen; J Gerstoft, 

T Katzenstein, Rigshospitalet, Copenhagen; C Pedersen, IS Johansen, Odense 

University Hospital, Odense; L Ostergaard, Skejby Hospital, Aarhus, L Wiese, NF 

Moller, Sjællands Universitetshospital, Roskilde; L N Nielsen, Hillerod Hospital, 

Hillerod. Finland: (I Aho), Helsinki University Hospital, Helsinki. Iceland: (M 

Gottfredsson), Landspitali University Hospital, Reykjavik. Ireland: (C Kelly), St. James's 

Hospital, Dublin. Netherlands: (P Reiss), Academisch Medisch Centrum bij de 

Universiteit van Amsterdam, Amsterdam. Norway: (DH Reikvam), A Maeland, J 



 

321 
 
 

Bruun, Oslo University Hospital, Ullevaal. Sweden: (K Falconer), A Thalme, A 

Sonnerborg, Karolinska University Hospital, Stockholm; CJ Treutiger, Venhälsan-

Sodersjukhuset, Stockholm; L Flamholc, Malmö University Hospital, Malmö. United 

Kingdom:A Milinkovic, St. Stephen's Clinic, Chelsea and Westminster Hospital, 

London; AM Johnson, E Simons, S Edwards, Mortimer Market Centre, London; A 

Phillips, MA Johnson, A Mocroft, Royal Free and University College Medical School, 
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