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11.1  Epidemiology

11.1.1  Incidence

Hepatitis C virus (HCV) infections remain one of the main causes of chronic liver 
disease worldwide [1]. According to the last World Health Organization (WHO) 
Hepatitis Report, in 2015, 71 million people worldwide are living with chronic hep-
atitis C (Fig. 11.1). Although several studies suggest a global decline in incidence of 
HCV infections since the second half of the twentieth century, a rise again was 
noted in the early twenty-first century with still 1.75 million new HCV infections 
occurring worldwide in 2015 [2]. For example, a decline in acute hepatitis C was 
described in the United States of America (USA) until the first years of the 2000s 
[3]. A great contribution to this trend surely came from improvements in injection 
safety, which has led to a reduction of infections transmitted through unsafe medical 
procedures [4, 5]. Despite this, during recent years this trend of declining incidence 
seems to be changing in many countries, related to emerging prevalent routes of 
transmission (i.e., iv drug use) and improved case detection.
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In the USA 3.5 million people are estimated to be living with hepatitis C. The 
most common risk factor for transmission, responsible for the majority of infected 
cases, is injection drug use (IDU). Since the late 1980s, acute hepatitis C incidence 
has declined because of instituted risk-reduction practices among people who 
injected drugs (PWIDU) [6]. However, in recent years, from 2010 onwards a 2.9- 
fold rise in acute HCV infections was noted in the USA which is mainly attributed 
to an increase in IDU in young people, particular in rural area. For example, a large 
increase in incidence was observed east of the Mississippi river, especially in 
Kentucky, Tennessee, Virginia, and West Virginia [7]. A similar situation was 
reported for Massachusetts, Wisconsin, and New York state. Transmission among 
men having sex with men (MSM) has also become relevant, especially between 
those coinfected with HIV [8].
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Fig. 11.1 Global incidence and prevalence of hepatitis C. Reproduced with permission of the 
WHO (Global Hepatitis report 2017)
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Between 7 and 9 million people live with hepatitis C in Latin America and the 
Caribbean [9]. There is scarce data pertaining to acute hepatitis C infection in South 
America. A survey conducted in Argentina, Uruguay, and Paraguay found that the 
most common risk factors for acute hepatitis C were related to nosocomial exposure 
[10]. In another survey conducted in Brazil, the main risk factors for acute hepatitis 
C transmission were identified in hospital procedures especially hemodialysis, 
while it was low IN intravenous drug users [11].

In Europe it is estimated that around 19 million people are living with chronic 
HCV [12]. Incidence rates fluctuate between 2010 and 2014 but are overall steadily 
increasing. However, the annual epidemiological report of 2015 by the European 
Centre of Disease Prevention and Control (ECDC) reports 34,651 new cases in 
Europe, which is a decrease of 4% compared to the previous year. The reason for 
this is currently not clear but it might be speculated that it is caused by the new 
direct-acting antiviral agents (DAAs) being used in the treatment of chronic HCV 
[13]. It is estimated that 1% of all cases are classified as acute infection, mostly due 
to IDU and health-care-associated transmission. An increase in acute (re)infection 
is also observed in MSM, coinfected with HIV living in large European cities [14].

Approximately 210,000 people live with chronic HCV infection in Australia, 
with an estimated 80% having acquired their infection through IDU [15]. From 1996 
to 2001 a steady increase in new infections was registered with the majority of the 
cases diagnosed in the age group 20–39 years old related to injection drug use [16]. 
Again sexual transmission was found to be relevant among HIV positive MSM [17].

The estimated prevalence of chronic HCV in the whole Asian continent is 2.8%, 
accounting over 60% of the estimated cases worldwide. In the Asia-Pacific region 
prevalence recently has been scaled down, since better seroprevalence studies dem-
onstrate lower rates of active infection in China than previously believed. There are 
no firm estimates on the incidence of acute HCV around the Asian continent due to 
the lack of systematic population-based estimates or national surveillance reporting 
system. Epidemiology is often described by isolated studies or blood bank data 
[18]. So available data are mostly about chronic HCV infection. China, a large 
Asian country, has approximately 25–50 million HCVinfected individuals, account-
ing for 1.8–3.7% of the overall Chinese population [19]. Blood transfusion and IDU 
are the main routes of transmission. A similar situation was shown for India where 
transmission is mainly related to unsafe health-care procedures, although it appears 
to be highly variable according to the geographical site or the population analyzed 
(0.09–7.89%) [20]. In Thailand there is no national HCV reporting system. 
Approximately 759,000 individuals are currently anti-HCV-positive and that 
357,000 individuals have viremic HCV infection. In Indonesia the prevalence of 
anti-HCV is estimated to be 0.8% [21] and it is found to be higher in Java then 
Sumatra, which is probably due to the more dense population in Java [22]. Japan, 
however, is considered a low prevalence country for HCV with also a low incidence, 
but also here acute cases among MSM HIV positive patients were recently reported 
[23]. In Asia, the first study describing a transmission network among HIV-infected 
MSM was performed in Taiwan, finding an incidence of 9.25 per 1000 PY [24].
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In North Africa, accurate assessment of the burden of hepatitis C infection is dif-
ficult due to the lack of adequate surveillance data and poor resources for proper 
data collection and management. Despite the geographic proximity of these coun-
tries and longstanding interaction between them, the prevalence and complications 
of HCV greatly differ between them. According to current estimates, the lowest 
prevalence of HCV is in Libya (0.9–1.6%) whereas the highest is in adjacent Egypt 
(12.5–26.6%) [25]. In the latter in 2015, it was estimated that 5.3 million individuals 
were anti-HCV positive. With this high seroprevalence rate, Egypt ranks among the 
highest in the world [26]. From 2008 to 2015 a significant reduction in prevalence 
was observed (from 14.7% to 10.0%) because behavioral changes with respect to 
promotion and expansion of infection prevention and control programs (including 
safe injections and blood transfusions) led to a decline in HCV incidence in the 
younger age groups [27].

Sub-Saharan Africa has a substantial HCV disease burden, but detailed epidemiol-
ogy is limited due to the scarcity of reliable prevalence data and population-based 
studies. A meta-analysis published in 2015 suggested an overall HCV a seropreva-
lence of 3% [28] with substantial variation between regions, related to the quality of 
serological tests used in various studies, the variability of populations screened (e.g., 
blood donors vs injecting drug users), and the HIV seroprevalence within the coun-
tries [29]. Prevalence was found to be the highest in Central Africa region (4.34%).

11.1.2  Definition of Acute HCV

Acute infection classically refers to the first 6 months after exposure to hepatitis C 
virus [30], though definition varies, mainly because of the absence of specific mark-
ers of acute infection and additionally because most patients experience no symp-
tomatology of an acute infection [31]. As is shown in Fig. 11.2, a diagnosis of acute 
HCV can also be established by seroconversion to anti-HCV, or with the detection 
of hepatitis C virus nucleic acid (HCV RNA) in serum/plasma in the absence of the 
specific Ig antibody (anti-HCV Ig) [32].

Identification of acute HCV infections is important from an individual patient’s 
point of view since 70–75% of the patients progress to chronic infection with a pos-
sible long-term risk of developing cirrhosis, hepatocellular carcinoma, and decom-
pensated liver disease [33]. From a public health point of view, identification of an 
acute infection is equally important because of the high risk of transmission these 
patients have in the acute phase of the infection and therefore spreading of the virus 
among others. Starting therapy during the acute phase is of particular importance 
since treatment could reduce transmission and could improve clinical outcome and 
possibly could also be cost-effective compared to deferring treatment until the 
chronic phase of infection [34].

Identifying those who are able to spontaneously clear the infection from those 
who will develop chronic HCV is important. One proposed way of identification of 
spontaneous clearance was proposed by Vogel et al. [35] who in an intent-to-treat 
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(ITT) analysis evaluated spontaneous viral clearance rates in 92 HIV-infected 
patients with acute HCV. Those patients who did not develop a 2 log10 drop in HCV-
RNA at week 4 after the diagnosis had an 85% chance of becoming chronically 
infected with HCV Since this observation has not been firmly established in pro-
spective randomized trials, this 2 log drop rule has not been adopted in the clinical 
management of acute HCV [36].

11.1.3  Routes of Transmission and Related Risk Group

Although mode of transmission of acute HCV varies among different regions and 
within countries, injection drug use (IDU) and unsafe health-care practices remain 
the leading modes of transmission [37]. Areas with high rates of infection related to 
unsafe health-care transmission are located in the Eastern Mediterranean Region 
(62.5 per 100,000, usually related to unsafe health-care transmission) [38, 39] and 
in the European Region (61.8 per 100,000) where IDU accounts for a substantial 
proportion of the new cases each year [40]. Worldwide, acute HCV infections are 
more frequent among male young adults, reflecting the demographic profile of 
injection drug users [41, 42]. According to a study published in 2013, all forms of 
drug dependence and related disease were highest in men aged 20–29 years and the 
majority of new infections are related to illicit drug use [43]. The three countries 
with the largest populations of IDUs living with HCV are China (1.6 million, range 
1.1–2.2), Russia (1.3 million, range 0.7–2.3), and the USA (1.5 million, range 1.0–
2.2) [44]. In the early 1990s the incidence of HCV was extremely high in people 
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Fig. 11.2 Currently used case definition of acute HCV
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who injected drugs. The implementation of HIV sexual transmission prevention 
programs, methadone substitution, and needle exchange services reduced transmis-
sion rates in many countries [12]. But, the rate of new infection remains high or is 
again rising since iv drug use still remains the primary mode of transmission due to 
poor health-care services (i.e., Eastern Europe/Russia) or the availability of cheap 
drugs (USA) [45].

Transmission related to unsafe medical care practice has diminished over time. 
Before the advent of blood screening assays before transfusion, in the early 1990s 
most infections were due to transfusions with infected blood and its derivatives or 
to unsafe medical and surgical procedures. The introduction of large-scale screen-
ing assays reduced the risk to less than 1 per 100,000 units of blood [46]. Although 
the implementation even though the implementation of blood screening strategies in 
a lot of countries worldwide is successful, the situation still remains alarming in 
some resources- limited settings (Africa and Americas WHO areas). According to 
the WHO database on blood safety in 2012, 39 countries did not perform routine 
screening of HCV in blood products and 47% of all worldwide blood (derivate) 
donations were tested in settings without any quality assurance [47]. However, a 
significant decrease of HCV infection was observed in hemodialysis patients in the 
USA and Europe [48]. Transmission related to dialysis depends on reuse of lines, 
hygiene and sterilization of equipment, patient rotation of machines, and the under-
taking of rigorous universal precaution rules [49]. In addition to transmission via 
blood transfusions, unsafe injections using contaminated syringes or needles were 
the most common way to acquire infection in the past and continue to be responsi-
ble for a large amount of nosocomial HCV transmissions, both in developed and 
developing countries [50]. A case report published in 2016 reported acute hepatitis 
C infection after accidental needle stick injury with a used blood glucose lancet of 
a diabetic patient with a chronic hepatitis C infection [51]. Egypt’s mass campaigns 
for schistosomiasis treatment may represent the world’s largest iatrogenic transmis-
sion of HCV [52]. The parenteral anti-schistosomal therapy with tartar emetic injec-
tions was administered in a nationwide campaign during the 1950s until the 1980s. 
Over the 18 years of treatment, 36 million injections were administered to >6 mil-
lion people, almost all with unsterilized and shared syringes and needles. This inten-
sive transmission established a large reservoir of chronic HCV infection genotype 
4, responsible for the high prevalence of HCV infection and current high rates of 
transmission [53].

Finally, a far less common but incidentally described way of HCV transmission 
is between hepatitis C and acupuncture. A modest association has been reported in 
some countries, stressing the importance of exclusively using disposable acupunc-
ture needles [54]. In addition, investigators have reported methods such as tattooing, 
piercing, coke straw sharing, and cupping as additional agents for HCV transmis-
sion [55, 56].

Another possible way of HCV transmission includes sexual contacts with a per-
son infected with HCV.  Sexual transmission was long considered an inefficient 
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mode to spread the infection [57]. Indeed, heterosexual transmission of HCV is 
estimated to occur at a very low rate of 0–0.6% per year between sero-discordant 
heterosexual partners [58]. Moreover, a lack of association between specific sexual 
practices and HCV acquisition was observed. This transmission rate is somewhat 
higher for heterosexuals with multiple partners or in the context of coexistent STI 
(0.4–1.8% per year) [59]. For men having sex with men (MSM) however, this is 
totally different as was learned over the past decade. The first reports of acute infec-
tion between MSM mostly associated with sexual and non-IDU behavior date from 
the beginning of the twenty-first century in London [60, 61] and were soon thereaf-
ter followed by additional cases from other European countries, Australia, the USA, 
and Asia [14, 62, 63]. In the Swiss Cohort Study, HCV incidence increased 18-fold 
in MSM between 1998 and 2011, while it declined in PWID and remained <1 per 
100  in heterosexuals [64]. A similar increase was reported in MSM for the 
Netherlands (32–53 corresponding to a 65.6% increase) [65]. Similar situation is 
described in Australia and Asia. Sexual behavior is also responsible for the increase 
in acute cases in the USA. Several factors have been attributed to this increase such 
as increased cheap air travel, rising popularity of the internet, increase in extreme 
sexual techniques, and use of drugs and stimulants for sexual pleasure. However, 
this does not fully explain the finding in a recent meta-analysis that HIV positive 
MSM have higher rates of acute HCV infection than HIV negative MSM [66]. It has 
been hypothesized that the destruction of gut-associated lymphoid tissue (GALT) 
early in an acute HIV infection might be responsible for a lower immunological 
barrier in the gut during anal intercourse between MSM leading to increased sus-
ceptibility for HCV.

Finally, acute hepatitis has been rarely reported during pregnancy [67]. Vertical 
transmission from mother to child is the primary route of transmission of HCV 
infection among children. Infection can occur in utero, intrapartum, and postpar-
tum. It is estimated that the prevalence of Ig antibodies to HCV in pregnant 
women is 0.1–2.4% and the proportion of women with anti-HCV who have active 
infection with viremia is approximately 70% [68]. A recent meta-analysis by 
Benova et  al. suggested that vertical risk transmission appears to be limited to 
infants of viremic mothers, ranging from 5.8% to 10.8% depending on their HIV 
status and HCV viremia [69]. Spontaneous clearance of the HCV virus has been 
reported in up to 25–30% of HCV-infected children [70]. Diagnosis could be dif-
ficult because specific antibodies (not the ones of the mother) appear 12 months 
after birth [71] and HCV RNA can be detected only 1 or 2 months after birth and 
has a low sensitivity [72].

In conclusion, the global incidence of HCV infection seems to decrease and the 
introduction of DAAs could significantly modify the natural history of the disease 
due to large-scale treatment implementation programs. At this time IDUs and HIV+ 
MSM share the largest incidence of acute HCV infections. It would be important to 
identify if screening strategies in particular populations together with therapy of 
acute infection, as was recently suggested in a publication for the Netherlands, 
could indeed contribute to a final stop in the spread of the disease [13].
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11.1.4  Spontaneous Clearance and Predictive Factors

Spontaneous viral clearance occurs in about 25% of individuals, generally in the 
first 3–6 months of infection [73], although cases have been reported after 1 year 
[74]. A recent study by Ragonnet et al. [75] showed a median spontaneous clearance 
rate of 184 days after diagnoses.

The outcome of acute HCV is affected by complex interactions between virus 
and host, which is only partially understood. Diversity of HCV viral quasispecies 
and HCV genotype might be linked with clearance. Host factors such as female sex, 
initial cellular immune response, virus-specific neutralizing antibodies, and host 
genetics such as polymorphism of interleukin-28 gene (IL28B) have been associ-
ated with clearance of acute infection [76]. In particular individuals with an IL28B 
type CC genotype are more likely to clear the infection spontaneously than those 
with a type CT or TT. There is evidence to support that spontaneous viral clearance 
is better for building up immunological memory compared to chemically induced 
clearance. For the latter strong host innate and adaptive immune responses are nec-
essary. For example, Thimme et  al. demonstrated that in patients spontaneously 
clearing their acute HCV infection, a strong, broadly specific, and sustained adap-
tive cellular immune response is necessary [77]. Long-term follow-up of patients 
spontaneously clearing HCV infection showed detectable HCV-specific memory 
CD4 and CD8 T cells up to 20 years after resolution [78]. Similarly, in chimpan-
zees, memory CD4 and CD8 T cells were detectable in the peripheral blood and 
liver 7 years after clearing an acute HCV infection [79]. Upon re-challenge with 
HCV, chimpanzees demonstrated no sterilizing immunity but were characterized by 
a shorter duration of viremia and lower viral loads. Further evidence to support 
partial memory after clearance of acute HCV comes from epidemiological studies 
in high-risk injecting drug users (PWID). Several studies have shown that in those 
PWID spontaneously clearing one infection it was less likely for them to become 
reinfected compared to HCV-naïve individuals in the same high-risk circumstances, 
although this has not been shown for MSM [80, 81]. In HIV-infected patients with 
acute HCV chances of spontaneous viral clearance were lower (around 10–15%) 
before C ART, but also highest within the first 12 weeks after the diagnosis [82].

11.1.5  Reinfection

In the presence of maintained risk behaviors, HCV reinfections have been described 
in PWID and MSM who cleared the infection spontaneously or were successfully 
treated with either interferon-based therapy or new direct-acting antivirals [76]. In a 
recent meta-analysis of 61 studies, the 5-year risk of HCV reinfection in HIV- 
infected MSM was as high as 15% and higher than in studies on PWID [83]. A large 
cohort study of HIV-infected MSM conducted in Western Europe demonstrated a 
high reinfection incidence among this population (7.3/100 PY) [84]. It has been 
suggested in some studies that individuals who spontaneously clear their acute 
infection may be at lower risk of future HCV reinfection when compared to those 
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who are treated and achieve SVR due to a stronger immunological response [80, 
85]. This indicates that a degree of protective immunity may develop for some 
patients. An effective immune response against HCV through multiple infections 
has been shown in animal models [86]. However, studies among PWID have failed 
to consistently demonstrate a protective effect [87]. This is highlighted by the obser-
vation that MSM can be repeatedly infected by acute HCV with either the same 
genotype or with a different genotype [84].

Other studies demonstrated no difference in incidence of HCV infection in indi-
viduals with no previous infection and in those with previous HCV clearance [88]. 
However, it has been shown that the chance of spontaneous clearance of HCV in 
case of a reinfection is higher. This is possibly due to a lower HCV RNA concentra-
tion, which is generally more transient and shorter in duration than during initial 
infection [89].

HCV reinfection is a critical health concern among HIV MSM and PWID after 
successful treatment or spontaneous clearance of acute HCV infection. Prevention 
strategies—both treatment and behavioral—are needed to target high-risk groups to 
reduce morbidity and treatment costs.

11.2  Diagnostics

11.2.1  Definition

According to the latest EASL guidelines published in 2016, diagnosis of acute 
infection is based on seroconversion to anti-HCV, or with the detection of hepatitis 
C virus nucleic acid (HCV RNA) or hepatitis C virus core antigen (HCV core) in 
serum/plasma in the absence of the specific antibody (anti-HCV). The incubation 
period is within 7–21 days after viral transmission and when HCV RNA becomes 
detectable in serum (Fig.  11.3). Usually, the qualitative detection of HCV RNA 
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confirms the diagnosis [90]. However, the exact time course of virological and 
immunological markers of HCV infection is not well defined, particularly during 
the first months of infection, due to differences in the host immune response, spe-
cific properties of the infecting virus, and sensitivity of the assays used to determine 
the appearance of HCV markers.

Following an initial phase (window period) of 1–2 weeks when no virological 
or serological markers of infection can be detected, the natural course of HCV 
infection is characterized by the appearance of HCV RNA and subsequently the 
HCV core p22 Antigen (Ag) in the absence of an antibody response (Ab) by the 
host. Seroconversion is defined by the development of a specific antibody 
response in a previously seronegative person occurring within 4–10 weeks after 
infection.

In Western countries, acute hepatitis C is most often diagnosed in the setting of 
post-exposure surveillance, or seroconversion in high-risk individuals (e.g., health- 
care professionals or injecting drug users) previously known to be seronegative. 
Seroconversion is most frequently documented in the setting of needle stick inju-
ries, when the exposed individual is followed prospectively, or during surveillance 
of high-risk individuals [91].

In HIV-infected people, who are usually followed frequently for HIV, an unusual 
ALAT elevation is a sign of alert in favor of a recent HCV infection. In the other 
cases diagnosis could be difficult due to different reasons. Firstly, most of the 
patients do not exhibit symptoms within the first 6 months [92]. The classic clinical 
picture of an acute hepatitis with jaundice is observed in only 10–15% of the cases. 
Less commonly, the presentation of acute infection could include constitutional 
symptoms like nausea, loss of appetite, fatigue, and abdominal pain [31]. A large 
increase in alanine aminotransferase (ALT), which often can peak around 1000 UI/
mL is usually an indicator of an acute hepatic illness. It could however be the pre-
sentation of another acute process, such as alcohol-induced hepatitis or a second 
viral infection superimposed upon a chronic HCV infection [93]. It is therefore 
likely that these symptomatic patients will be diagnosed as having acute HCV. This 
is opposite to asymptomatic patients. Since the latter also have a much lower prob-
ability to clear the infection spontaneously, they most likely will be diagnosed at 
some point during their chronic infection [23]. Rates of spontaneous clearance are 
higher in symptomatic patient and occur usually during the first 3 months after the 
onset of the symptoms [94].

11.2.2  Assays

Assays detecting HCV infection can be broadly divided into molecular tests, which 
can directly identify the virus or partial sequences, and include qualitative and quan-
titative determination of HCV RNA or antigen, and serological tests, which identify 
antibodies or viral proteins (Table 11.1) [90].
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11.2.2.1  Serological Assays
Serological assays are based on the immunoassay principle and are available in the 
form of rapid diagnostic tests (RDTs) or laboratory-based enzyme immunoassays 
(EIAs), chemiluminescence immunoassays (CLIAs), and electro- chemiluminescence 
immunoassays (ECLs). Most of these tests have a sensitivity and specificity close to 
100% [95]. False negative results may occur in the setting of severe immunosup-
pression such as infection with HIV, solid organ transplant recipients, hypo- or 
a-gammaglobulinemia, or in patients on hemodialysis. False positive results are 
more likely to occur among populations where the prevalence of hepatitis C is low 
[96]. Current serological markers cannot reliably distinguish acute hepatitis from an 
exacerbation of chronic infection [97]. The anti-HCV IgM antibody has not proven 
useful because they are present in similar level in both acute and chronic disease 
[93], even if someone suggested that IgM levels are undetectable or present with 
low steady level in reactivation of chronic hepatitis [98]. In recent years much work 
has been done to develop a test for measuring avidity of the HCV antibody which 
was proven in other infections to be a more reliable marker for distinction of a 
recent viral infection. Avidity increases progressively with time after exposure to 
immunogen due to rapid mutation in the DNA coding for the variable part of the 

Table 11.1 Virological assays for the diagnosis of acute hepatitis C infection

Assays Specificity Sensitivity Current application
Future 
application

IGM 
antibody

Not usefula

IgG antibody 100% 100% Diagnosis of acute or 
chronic infection

Quantitative 
HCV RNA

95% 95% Diagnosis of acute and 
chronic infection

Qualitative 
HCV RNA

Some test more 
sensitive than 
quantitatives because 
of low level of 
detection

Detect the presence of 
HCV RNA

NAT 98–99% 99% – Confirm viremia in 
patients with reactive 
serology in short time 
after exposure 
(1–2 weeks)
– Screening blood 
donations

HCV Ag 100% Less sensitive than 
NAT

Diagnosis of acute 
infection in the absence 
of antibody

– Screening test 
with antibody
– Diagnosis of 
acute infection 
in HIV 
coinfected
– Monitor 
treatment in 
DAAs era

aPresent in both acute and chronic infection
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antibody [99]. It was confirmed that IgG anti-HCV avidity increases with time after 
primary infection [100] and if detected very early after onset of symptoms it could 
be useful to distinguish acute process from exacerbation of chronic infection [101]. 
It has been shown that testing for IgG antibody avidity allows diagnosis in up to 
90% of acute hepatitis C [100]. These promising assays still require further evalua-
tion and validation in various clinical settings [102].

11.2.2.2  Molecular Assays
Qualitative and quantitative methods for the detection of HCV RNA—including 
reverse transcriptase (RT) PCR, branched DNA (bDNA) assays, and 
transcription- mediated amplification (TMA)—are the most sensitive means to 
document viremia [91]. Qualitative assays detect the presence of HCV RNA but 
they cannot measure HCV viral load. The lower limit of detection varies by the 
method used. The newer real-time PCR detection assays, such as the Cobas 
TaqMan assay (Roche Diagnostics) and Abbott Real-Time HCV assay (Abbott 
Laboratories), have very low limits of detection (15  IU/mL and 10  IU/mL, 
respectively). The Bayer TMA assay (Bayer Laboratories) can detect HCV at 
limits of 5 IU/mL.

HCV RNA can be quantified by target amplification techniques (competitive 
PCR or real-time PCR) or signal amplification techniques (branched DNA 
(bDNA) assay). Five standardized assays are commercially available. Ranges of 
quantification of the assays refer to the HCV RNA intervals within which quanti-
fication is accurate in the corresponding assay [103]. HCV RNA levels falling 
above the upper limit of quantification of the assay are underestimated and the 
samples must be retested after 1/10 to 1/100 dilution in order to achieve accurate 
quantification. It is recommended not to take into account HCV RNA load varia-
tions of less than threefold (i.e., ±0.5 log10), which may be related to the intrinsic 
variability of the assays. In contrast, variations of more than threefold (i.e., 0.5 
log10) can reliably be considered to reflect significant differences in HCV RNA 
load. The newer assays are extremely reliable with a very high sensitivity and 
specificity (both >95%). However, detecting HCV RNA by PCR is not cost-effec-
tive in a low-risk population and is not recommended as a screening test for 
chronic infection [93].

NAT (nucleic acid amplification technology) test is a molecular technique that 
detects the presence of viral nucleic acid—DNA or RNA—through targeting a spe-
cific segment of the virus, which is then amplified. Amplification step enables the 
detection of low levels of the virus earlier than the other screening methods, thus 
narrowing the window period to only 4 days. It is used for screening blood donation 
to reduce the risk of transfusion-transmitted infections in the recipients [104].

Finally, it has been demonstrated that the HCV core antigen level strongly cor-
relates with the HCV RNA level for various genotypes. Currently, core antigen can 
be easily detected and quantified by means of a chemiluminescent microparticle 
immunoassay in the fully automated Architect HCV Core antigen test (Abbott 
Laboratories) [105]. The Architect HCV Ag assay had a specificity of 100%, with a 
lower limit of detection of 3 fmol/L corresponding to approximately 1000 IU/mL of 
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HCV RNA [106]. Although a study conducted in the Netherlands suggested that 
HCV core antigen assay could also be used in the diagnosis of acute HCV infection 
among coinfected HIV patients [107], as it is a sensitive and specific test, so far it 
has still not gained a role in the diagnostics of an acute HCV infection.

11.2.3  Assays in Clinical Practice

Since there is no definite test as proof of an acute infection, physicians usually rely 
on clinical judgments (i.e., the presence of symptoms) in combination with abnor-
mal laboratory results such as elevated aminotransferases, and a positive HCV-RNA 
or serology in combination with a prior seronegative assay. In specific circum-
stances, for example in HIV-infected patients with an acute HCV, antibody genera-
tion by the host immune response could be initially absent or delayed for months 
[108]. Also, successful viral clearance may occur in the absence of antibody pro-
duction or be associated with rapid antibody loss [93]. This suggests that clearance 
of viremia may be related both to humoral and cellular responses [109]. Among 
IDUs some studies suggested an average interval from first injection and HCV 
infection to the development of HCV Ig antibodies of 1 year or even longer. Factors 
associated with a shorter interval to seroconversion included injecting every day, the 
shared use of syringes to inject, and the shared use of a cooker or cotton to prepare 
drugs for injection [110]. In another study conducted on IDUs a delayed and low 
titers antibody response was observed during acute hepatitis C [111].

Another pitfall in the diagnosis of acute HCV in high-risk HIV+ MSM is the 
distinction between relapse of infection after DAA therapy or reinfection. When the 
same genotype again is present, it still might be a reinfection. Only phylogenetic 
analysis can firmly distinguish between these two entities [84].

11.2.4  Treatment

In a chapter about treatment of acute HCV, a distinction should be made in the era 
before and after availability of direct-acting antivirals (DAAs). Similar to chronic 
HCV, DAAs proved to be highly efficacious in the treatment of patients with acute 
HCV, leading experts in the field to believe there is no distinction anymore between 
acute and chronic HCV. Therefore, current HCV treatment guidelines recommend 
a treatment with a combination of two DAAs based on genotype for a total duration 
of 8 weeks. Patients with acute hepatitis C and HIV coinfection and/or a baseline 
HCV RNA level >1 million IU/L may need to be treated for 12 weeks with the 
same combination regimens [32]. However, the question remains if this is totally 
true. There have been several issues in the pre-DAA era which remain intriguing 
still today, as we mentioned above. It has been common clinical practice to await 
spontaneous clearance before considering starting therapy. The publication of the 
landmark study by Jaeckel et  al. [112] clearly demonstrated that treatment of 
patients with an acute HCV mono-infection with at that time standard 
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interferon-alfa (trice weekly) for 24  weeks resulted in a sustained virological 
response (i.e., HCV-RNA negativity 24  weeks after discontinuation of therapy) 
rate of 98%. Then SVR rates achieved by treating the acute stage of the infection 
were superior to SVR rates achieved with treatment in the chronic phase. Over 
time, treatment regimen changed similar to those being administered in chronic 
HCV. For a long time pegylated interferon- alfa for 24 weeks was the recommended 
course of therapy for acute HCV mono-infection while ribavirin was added in case 
of coinfection with HIV [113, 114].

With the availability of DAAs for chronic HCV and its demonstration of high 
efficacy, it is obvious to use DAAs in cases of acute HCV as well. However, to date 
none of the currently available DAAs formally registered for the treatment of acute 
HCV. This is because there is insufficient data about efficacy of particular regimens 
and treatment durations in acute HCV infection mostly due to the low number of 
patients per study in the field. An overview of studies regarding treatment of acute 
hepatitis C is provided in Table 11.2. The largest study to date in patients with an 
acute HCV treated with DAAs is running in the Netherlands. An interim analysis 
showed a SVR of 98% after a short course of 8 weeks grazoprevir/elbasvir (an NS3/
NS5a combination) (personal communication) [120].

Taken together, the use of DAAs in patients with an acute HCV infection seems 
promising based on a couple of case reports and small cohort studies but clear rec-
ommendations regarding optimal regimen and treatment duration are currently 
unavailable.

11.2.5  Post-exposure Prophylaxis

Ever since the notion of blood-born transmission of viruses through needle stick 
injuries, HCV (previously called non-A, non-B hepatitis) has been one of the viruses 
recognized for causing acute hepatitis syndrome. Early on post-exposure prophy-
laxis with then available interferon-based therapies was tried but shown to be unsuc-
cessful in the case of a Japanese health-care worker who was treated with a short 
course of interferon after a needle stick injury [121].

In the current DAA era there are no data on the efficacy or cost-effectiveness of 
antiviral therapy for pre-exposure or post-exposure prophylaxis of HCV infection.

11.2.6  Prevention of Acute Hepatitis

In the era of highly effective DAAs that promises an individual as well as a collec-
tive benefit, the World Health Organization (WHO) launched the first global health 
strategy on the elimination of viral hepatitis as a public health threat by 2030 [122]. 
Targets by 2030 are to achieve a 90% reduction of new viral hepatitis infections, a 
65% reduction of liver-related deaths, and a 90% diagnosis rate of those being 
infected. Studies have shown that increased capacity for treatment as well as screen-
ing is going to be critical in several countries [123]. However, the former is difficult 
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since the high cost of DAAs in many countries continues to lead to prioritization of 
therapy [124]. In addition, there are several barriers to scaling-up of HCV treatment 
in high-risk populations, especially in PWID [125]. To reduce HCV incidence in 
PWID, combining universal introduction of DAAs with increased diagnosing rates 
and enhanced prevention measures such as opioid substitution treatment and needle 
and syringe exchange programs, provided in multidisciplinary settings, was shown 
to be crucial [126].

Strategies to control the spreading of infection are needed also among MSM. The 
ECDC published a document focusing on communication strategies for the preven-
tion of hepatitis and other STI, which stressed the importance of counseling infor-
mation and public awareness of the disease [127]. In Amsterdam a local program 
(MC Free) organized by the Amsterdam Institute for Global Health and Development 
(AIGHD) developed online and offline interventions to increase knowledge and 
awareness of HCV infection among MSM population by increasing regular HCV 
testing and earlier diagnosis and to stimulate risk reduction behavior. The early 
treatment of acute infection also seems to reduce the incidence of hepatitis C in this 
population [13].

An increase in appropriate prevention measures such as safe medical procedures, 
safe sexual practices, and prevention of mother-to-child transmission needs to be 
encouraged [128]. Improving public health surveillance could help state-run and 
local programs to identify and address HCV-related health disparities by document-
ing and monitoring the impact of testing, care, and treatment services [129].
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