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Abstract: Hepatitis C virus infection affects over 58 million individuals and is responsible for
290,000 annual deaths. The infection spread in the past via blood transfusion and iatrogenic trans-
mission due to the use of non-sterilized glass syringes mostly in developing countries (Cameroon,
Central Africa Republic, Egypt) but even in Italy. High-income countries have achieved successful
results in preventing certain modes of transmission, particularly in ensuring the safety of blood and
blood products, and to a lesser extent, reducing iatrogenic exposure. Conversely, in low-income
countries, unscreened blood transfusions and non-sterile injection practices continue to play major
roles, highlighting the stark inequalities between these regions. Currently, injection drug use is a
major worldwide risk factor, with a growing trend even in low- and middle-income countries (LMICs).
Emerging high-risk groups include men who have sex with men (MSM), individuals exposed to
tattoo practices, and newborns of HCV-infected pregnant women. The World Health Organization
(WHO,) has proposed direct-acting antiviral (DAA) therapy as a tool to eliminate infection by inter-
rupting viral transmission from infected to susceptible individuals. However, the feasibility of this
ambitious and overly optimistic program generates concern about the need for universal screening,
diagnosis, linkage to care, and access to affordable DAA regimens. These goals are very hard to reach,
especially in LMICs, due to the cost and availability of drugs, as well as the logistical complexities
involved. Globally, only a small proportion of individuals infected with HCV have been tested, and
an even smaller fraction of those have initiated DAA therapy. The absence of an effective vaccine is a
major barrier to controlling HCV infection. Without a vaccine, the WHO project may remain merely
an illusion.
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1. Introduction

Hepatitis C virus (HCV) infection is believed to have originated between 500 to
2000 years ago, based on the analysis of molecular diversity [1]. Initially, it went undetected
and was categorized within the non-A non-B (NANB) hepatitis group until 1989 when
it was successfully isolated and cloned [2], marking it as the most recently identified
pathogenic hepatotropic virus. In recognition of this significant achievement, Dr. Harvey ]J.
Alter, Michael Houghton, and Charles M. Rice were awarded the Nobel Prize in 2020. HCV
is an RNA virus classified within the family Flaviviridae.

The development of an immune assay for detecting circulating HCV antibodies [3] was
instrumental in understanding the role of HCV and its impact on chronic liver disease [4].
Although the test described by Kuo et al. in 1989 [3] was not applied in clinical practice, it
was pivotal in research to demonstrate the association between HCV positivity and post-
transfusion hepatitis. Subsequent studies [5] led to the development of novel HCV antibody
tests. Thanks to these researches, in the early 1990’s, an ELISA immunoassay (ELISA
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generation I) was commercialized with the intention of identifying individuals previously
exposed to HCV. This test was later refined into generation II and IIl immunoassays with
progressively increasing sensitivity and specificity. These tests were widely applied for
blood product screening to ensure donation safety and for various serological research
surveys that we describe in this article.

Over the past three decades, HCV has emerged as a major global health concern, with
ongoing significance today. The World Health Organization (WHO) estimated that, in 2019,
there were 58 million people worldwide living with chronic HCV infection, approximately
1.5 million (1.3-1.8 million) newly infected individuals, and 290,000 deaths attributable
to HCV-related complications [6]. This figure reflected a decrease of 6.8 million viremic
infections compared to the prevalence of 63.6 million in 2015, mostly due to the use of
direct-acting antiviral agents (DAAs).

Significant progress has been made over the past three decades in understanding
the prevalence, modes of transmission, diagnostic tools, and treatment of HCV infection.
Currently, it has been estimated that, worldwide, only 21% of infected individuals have been
diagnosed with HCV infection, and merely 13% of them have initiated DAA therapy [7],
despite the high efficacy (over 95%) of this therapy in curing the virus, regardless of the
stage of underlying liver disease or HIV coinfection [8].

Important changes have occurred over time in modes of HCV transmission. In the
past, the infection mainly spread via blood transfusion and iatrogenic transmission due to
the use of unsterilized glass syringes. Currently, in high-income countries, the risk of HCV
transmission via blood transfusion is under control and iatrogenic exposure has been, to a
major extent, reduced. Conversely, blood transfusion and non-sterile injection practices
continue to play major roles in HCV spread in low-income countries, reflecting inequalities
between different areas of the world.

Currently, injection drug use drives infection, particularly in high-income countries
and areas where blood products are routinely tested for HCV [6,7]. Emerging high-risk
groups are men who have sex with men (MSM), individuals exposed to tattoo practices,
and newborns of HCV-infected pregnant women.

Recent review articles have focused their attention on various aspects of HCV infec-
tion [9-12]. Some have specifically addressed modes of HCV transmission, such as blood
transfusion and other medical procedures [13], injection drug use [14], sexual transmis-
sion [15,16], and perinatal transmission [17].

This review exclusively concentrates on the evolving global pattern of HCV prevalence
and transmission modes over time, highlighting their importance in defining preventive
and curative measures, as well as identifying potential future vaccination strategies.

2. Prevalence

The accuracy and validity of overall and regional HCV prevalence figures may be
compromised due to the predominantly asymptomatic nature of the infection, leading
to underreporting unless actively screened. Additionally, in low- and middle-income
countries (LMICs), the lack of surveillance systems in place due to cost and logistical
constraints and the limited availability of laboratory assays for HCV testing do not allow
for accurate detection of new and existing cases [6,7,9,10]. In particular, concerning the
validity of data from the Africa region, there is uncertainty about its accuracy due to the
varying surveillance systems across different African countries. In this context, factors such
as access to testing, availability of infrastructure, and standardization of methodologies
may influence the consistency and completeness of data collection.

HCYV prevalence by WHO regions is shown in Table 1 [6].

Currently, 30 countries bear the brunt of the HCV burden, accounting for 80% of
infected individuals, with the highest prevalence rates found in China, India, Pakistan,
Ukraine, Russia, and the United States. Over 70% of viremic individuals reside in LMICs [7].
Significant disparities exist within WHO regions, such as in Europe, where central and



Viruses 2024, 16, 1115

30f18

eastern European countries like Ukraine and Romania have prevalence rates of 3.1% and
2.3%, respectively, whereas most Western European countries have rates below 1% [7,18].

Table 1. Prevalence (%) of HCV infection among the general population in 2019, by WHO region.
Adapted from Reference [6].

Africa 0.8
Americas 0.5
South-East Asia 0.5
European Region 1.3
Eastern Mediterranean 1.6
Western Pacific 0.5

The number of people undergoing treatment for chronic HCV has increased nearly
ten-fold since 2010. Egypt alone accounted for nearly 3.6% of all treatments, corresponding
to 3.5 million individuals, during the period of 2015-2020. However, Egypt’s global
ranking for HCV infections decreased from fifth place in 2015 to seventeenth in 2020 [7].
Unfortunately, treatment access remains largely suboptimal in the majority of LMICs due
to logistical and economic constraints.

2.1. Widespread HCV Infection in the Second Half of the 20th Century

The second half of the last century was characterized by widespread HCV infections
due to iatrogenic transmission of the virus, particularly in LMICs (Table 2).

Table 2. Countries with widespread of HCV infection during the 20th century.

Estimated Years Overall Mode of

Soenty of Start Prevalence Transmission St
o L.V. Treatment for
Egypt 1930s 24.3% Schistosomi [19,20]
Cameroon 19205 40-68% LV. Treatment for [21]
Malaria
Central Africa o Treatment for
Republic 1940-50s 10:5% Thrypanosomiasis (221
o Parenteral folk
Japan 1960s 32.4% remedies [23]
Italy 1950-60s 12.6% Parenteral therapy [24]

One of the most notable examples of widespread HCV infections occurred in villages
across the Nile Delta (lower Egypt) during the 1950s to the 1970s, but it was only officially
recognized in 2000 [19]. The overall prevalence of HCV was 24.3%, with rates increasing
from 9.3% in individuals born after 1980 to over 60% in those born during the decade of
1941-1950. The widespread transmission of the infection within the population was linked
to the extensive use of parenteral antischistosomal therapy (PAT) with tartar emetic [20].

Schistosomiasis has been a longstanding health issue in Egypt dating back several
centuries [25], particularly affecting those residing along the Nile river. Dr. Frank provided
a detailed account of the epidemic in The Lancet [20]. Intravenous tartar emetic emerged as
the most commonly used PAT since the 1950s, especially during mass campaigns in the
1960s and 1970s. Unfortunately, during this period, injections were administered using
reusable equipment that was inadequately sterilized, often boiled for less than 2 min.
Between 1964 and 1982, more than 2 million PAT injections were administered annually to
an average of 250,000 patients. These PAT campaigns, aimed at treating schistosomiasis,
likely served as a vector for the spread of bloodborne infections such as HCV. Moreover,
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chronic schistosomiasis can compromise the immune system, hindering the clearance of
HCV in infected individuals [26]. This period represents one of the largest examples of
widespread iatrogenic transmission of bloodborne pathogens globally. Only in 1982 did oral
praziquantel, a highly effective drug for treating schistosomiasis, become available in Egypt,
gradually replacing PAT as the standard treatment for schistosomal infections by the late
1980s. The prevalence of HCV by year was nearly seven times higher in individuals born
before the 1960s compared to those born after the 1980s, likely reflecting the replacement
of PAT with oral drugs since the late 1980s. A survey conducted in the general Egyptian
population in 2015 revealed lower prevalence figures: 10% for anti-HCV and 7% for HCV
RNA positivity, attributed to mortality among older age groups with the highest infection
rates [27]. More recent data (2018-2019) showed even lower prevalence rates, with 4.6%
positive for HCV antibodies and 3.5% viremic individuals, reflecting widespread treatment
with DAAs since 2015. However, these findings may not be representative of the entire
Egyptian population as the study excluded individuals over 60 years old and the majority
of participants were younger than 45 years [28].

Cameroon provides another example of iatrogenic HCV transmission due to the use
of unsafe medical equipment for intravenous drug treatment. A study conducted in 1991
on the prevalence of anti-HCV in an urban child population (aged 4-14) showed an overall
rate of 14.5%, decreasing from 17.5% in children born between 1977 and 1979 to 6.5% in
those born between 1985 and 1987 (Figure 1).
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Figure 1. Anti-HCV positivity prevalence in Cameroon. Adapted from References [21,29].

In that study, specific modes of transmission were not systematically investigated [29].
Nearly two decades later (in 2009), a study conducted in southern Cameroon focusing on in-
dividuals aged 60 to 102 revealed an overall HCV prevalence of 56%, decreasing from 68.3%
in subjects born before 1935 to 40.3% in those born between 1945 and 1949 (Figure 1) [21].
This widespread infection is believed to have originated around 1920 and was found to be
associated (odds ratio = 2.2; 95% confidence interval = 1.1-3.4) with the historical use of
intravenous quinine for malaria treatment. In the rainy and forested regions of southern
Cameroon, the incidence of infective malaria vector bites is among the highest globally [30].
Intravenous quinine has been available since the early 20th century and was often adminis-
tered intravenously rather than intramuscularly to prevent abscesses at injection sites [31],
using inadequately sterilized medical equipment. The same author documented a signif-
icant spread of HCV (prevalence of 10.5%) in individuals born before 1951, even in the
Central African Republic, attributed to the intramuscular administration of pentamidine for
treating trypanosomiasis prior to 1951 [22]. During this period, disposable syringes were
not available, as the risk associated with the transmission of infection through human blood
was not fully understood. Reflecting on HCV dissemination, Dr. Thomas Strickland, a
leading expert on infectious diseases in Africa, commented [32]: “The Egyptian Ministry of
Health and Population had the best intentions when it launched mass treatment campaigns
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with intravenous tartar emetic to control what they considered to be the country’s most
important disease, schistosomiasis. Likewise, French colonial doctors in the CAR and
Cameroon also had the best of intentions 50-80 years ago when they treated patients for
endemic infectious diseases, including frequently fatal sleeping sickness and malaria; good
intentions that led to serious, tough unintended, global health consequences”.

The spread of HCV infection through the intravenous treatment of leprosy in the past,
utilizing unsafe and reusable syringes, has been documented in Africa [33], Yemen [33],
and Brazil [34]. Similarly, in some high-income countries, HCV transmission occurred in
the past due to the use of unsafe medical equipment. For instance, in a remote area in
Japan, a remarkably high rate of HCV was reported in 1994 [24]. The overall prevalence
was 32.4%, with rates increasing from 0 in subjects aged 0-15 years to 44.9% in those older
than 40 years (Table 3). This transmission was notably associated with practices such as
acupuncture and non-sterilized knives used for cutting.

Table 3. Prevalence of anti-HCV in an isolated area in Japan 1995. Adapted from Reference [23].

Age Group (Years) Anti-HCV Prevalence
5-15 0
1640 12.5%
>40 44.9%
Overall 32.4%

In a town in southern Italy, the overall prevalence of anti-HCV antibodies in 1996 was
12.6%, with rates decreasing from 33.1% in individuals born before 1937 to 1.3% in those
born after 1966 (Figure 2) [24].

50 +

40

33.1%

20 + 18.4%

Prevalence (%)

10 +

Before 1937 1937-46 1947-56 1957-66 After 1966
Figure 2. Rate of anti-HCV positivity in Italy according to birth cohort. Adapted from [24].

The high rate in the oldest age group reflects a cohort effect, i.e., decreased risk of
infection along generations as a consequence of improved sanitary conditions. The use of
non-disposable syringes was common for medical treatment until the early 1970s. Subjects
reporting this exposure were two-fold (CI 95% 1.03-3.4) more likely to be HCV-positive
than those who were not exposed. Avoidance of non-disposable syringes over the last
decades has generated a lower HCV prevalence in the youngest generations, as observed
in a survey reported 14 years later in the same town [35] (Table 4).
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Table 4. Prevalence (%) of anti-HCV in a southern Italian town, 14 years apart.

Age Group (Years) 1996 (Ref. [24]) 2010 (Ref. [35])
<30 1.3 0.4
30-39 2.3 0.7
40-49 5.0 1.5
50-59 18.4 1.1
>60 33.1 12.0
Overall 12.6 57

2.2. Prevalence by Age

The age-specific prevalence of HCV is significantly influenced by the predominant
modes of transmission at any given time. Currently, HCV primarily affects older gener-
ations in lower-, middle-, and to a lesser extent, high-income countries. By contrast, the
peak prevalence among young adults reflects the importance of intravenous drug use in
the transmission of the infection. This is particularly evident in the United States, where
during the period of 2003-2010, the estimated prevalence of HCV RNA-positive individ-
uals over 20 years of age was 1% (equivalent to 2.68 million people) [36]. Among them,
1.09 million individuals (40.7%) were aged 40—49 years. HCV RNA-positive individuals
aged 20-59 years were 8.7 times more likely (95% CI 5.9-12.8) to report injection drug
use [36].

The changing pattern of modes of transmission over time within the same country
also influences the age-specific prevalence of HCV. For example, in Italy, a study conducted
in five metropolitan areas revealed two peaks of infection prevalence: a higher peak (7%)
among individuals born between 1935 and 1944 (representing the tail of the cohort infected
in the past by unsafe medical equipment) and a smaller peak (1.6%) among those born
between 1965 and 1974 (representing the cohort of injection drug users) [37] (Figure 3). In
this survey, individuals reporting a history of intravenous drug use were 30.2 times more
likely to be HCV-positive (95% CI 12.7-71.9) [37].

Prevalence (%)

‘\‘2.2%
24 T~ 1.6%
) 1.2% e 1.2%
14
_02%
0 T 2l
1935-44 1945-54 1955-64 1965-74 1975-84 > 1984

Figure 3. Rate of anti-HCV positivity in Italy according to birth cohort, as assessed in five metropolitan areas.

2.3. Prevalence by Sex

HCYV infection is more prevalent in males, with a male-to-female ratio of 2:1 [38,39].

A potential explanation of this phenomenon may be the higher prevalence of males as
compared to females among subjects reporting injection drug use.

Male gender is also associated with more severe progression of the disease [40]. Studies
have shown a protective effect of estrogen on fibrogenesis, attributed to the inhibition of
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stellate cell proliferation [41,42]. In Egypt, clearance of HCV (defined as positive for HCV
antibodies and negative HCV RNA test results) was found to be 1.8 times more likely to
occur in women (44%) than in men (33.7%) [43]. However, it is important to note that these
findings were derived from a cross-sectional study, which may be influenced by survival
bias [44].

3. Modes of Transmissions

The major modes of transmission for HCV include unscreened blood and blood
products, injection drug use, non-sterile injections, and unsafe medical procedures in
healthcare settings. Additionally, to a lesser extent, transmission can occur through sexual
intercourse, vertical transmission (from mother to child), and certain beauty treatments. It
is important to note that the significance of these modes of transmission can vary over time
and across different health settings (Table 5).

Table 5. Modes of HCV transmission over time, by income of countries. Number of * in the figure
indicates the relative impact of those modes of HCV transmission.

Modalities High Income Low/Medium Income
Past Decades Currently Past Decades Currently
BIOOd FAAA N Near O A AAN %A
Transfusion
PWID b 4% *3% %%
Unsafe medlcal FA4 *% A AAN E
equipment
Risky sexual . otk —-— e
behavior
Vertical . o " .
transmission
BOdy groomlng *% *%% *4% %%

and modification

3.1. Blood and Blood-Derived Transfusion

During and after World War 1II, blood transfusions were widely utilized, followed
shortly thereafter by the administration of blood derivatives [45]. The so-called non-A,
non-B (NANB) hepatitis was found to be responsible for up to 90% of cases of transfusion-
associated hepatitis [46]. Until the late 1980s, blood and blood-derived products were
not screened for HCV, resulting in a transmission rate of approximately one case in every
50 blood units, even in high-income countries [47]. Shortly after the introduction of
the first assay for HCV detection (first-generation ELISA) in blood donors, subsequent
generations of assays (second- and third-generation ELISA) nearly eliminated the risk
of HCV transmission through blood transfusion [48]. These newer assays were highly
sensitive, reducing the serological window phase of detection. Indeed, the residual risk of
HCYV transmission is closely associated with units collected during the donor’s serological
window period; the shorter the window period, the lower the residual risk [13].

The availability of serological assays led to the identification, several years later, of
two HCV epidemics that occurred in pregnant women during the second half of the
1970s. Both epidemics were linked to the intravenous administration of batches of anti-HD
immunoglobulins contaminated with HCV in Ireland [49] and Germany [50]. These two
epidemics also provided valuable information on the natural history of HCV infection in
female patients. After follow-ups of 17 and 25 years, respectively, only 2% of the Irish
cohort and 0.5% of the German cohort had developed liver cirrhosis [50,51].

The introduction of nucleic acid testing (NAT) during the 2000s has significantly
enhanced the safety of blood transfusions, reducing the risk of acquiring blood-transmitted
viruses such as HIV, HCV, and HBV. In the pre-NAT era, the residual risks per one million
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donations were 16.7 for HCV, 1.9 for HIV, and 69.2 for HBV [51]. However, in the period
between 2009 and 2015, the residual risks were dramatically reduced to extremely low
levels, estimated to be 1 in 12,979,949 donations for HCV, 1 in 1,917,250 donations for HIV,
and 1 in 2,555,854 donations for HBV [52-54] (Table 6).

Table 6. Residual risks of parenterally transmitted viruses in pre- and during NAT eras, by number
of donations.

Virus Pre-NAT (1999-2001) During NAT (2009-2015)
Ref. [52] Refs. [53,54]
HCV 16.7/1 million donations 1/12,979,949 donations
HIV 1.9/1 million donations 1/1,917,250 donations
HBV 69.2/1 million donations 1/2,566,844 donations

Indeed, blood supplies are highly safe in high-income countries. Conversely, the
situation remains concerning in low- and middle-income countries, where this mode
of transmission continues to be a significant issue and no major database derived from
systematic surveillance is available. The situation in Sub-Saharan Africa (SSA) presents a
formidable challenge, as it combines endemic bloodborne infections, scarce resources, and
a high demand for transfusions. Notably, up to 8.7% of blood units are discarded due to
reasons related to transfusion-transmitted infections (TTIs) in the WHO African region [55].
Furthermore, data regarding TTI incidence and prevalence are often limited, reflecting local
contexts, with estimates of transfusion transmission rates either absent or outdated. One
of the primary hurdles lies in operational resources as the consistent implementation and
maintenance of systematic serological and molecular blood screening necessitates a steady
supply of test kits, reagents, and consumables, contingent upon reliable procurement and
supply systems. However, transfusion services frequently lack control over procurement,
leading to fluctuations in suppliers and irregular supply chains. Reports of sporadic supply
and shortages of reagents in blood centers are widespread across SSA, particularly in rural
areas [55]. On top of this, blood units are often not adequately screened, and in some
cases, they are provided by paid blood donors. Additionally, there is a substantial demand
for transfusions, especially in rural and forested areas of Sub-Saharan Africa, due to the
co-existence and co-evolution of malaria and sickle cell disease. The entire process of blood
testing remains unsafe in these regions [56] and the implementation of NAT screening is not
feasible due to cost inefficiencies. The high cost and limited availability of this screening
tool pose significant barriers to its adoption in low- and middle-income countries [57].

3.2. Injection Drug Use

The availability of commercial tests for HCV detection since the early 1990s has
effectively reduced HCV transmission through blood transfusions. Consequently, injection
drug use has become the major route of HCV transmission, especially in high-income
countries, and it is emerging even in rural areas [58]. The sharing of equipment used for
injecting drugs is the primary mode of virus transmission in this context. Worldwide, it
has been estimated that there are 15.6 million people who inject drugs (PWID), with a
predominance of males (12.5 million) compared to females (3.2 million). Among these
individuals, 52.3% are infected with HCV, while 17.8% are infected with HIV. The highest
HCV prevalence is found in Eastern Europe (64.7%), while the lowest is in Sub-Saharan
Africa (21.8%) [59].

From 1992 to 2021, the pooled HCV incidence among PWID was reported at 12.1 per
100 person-years (which is 7.1 times lower) [14].

HCYV infection is more likely to spread in high-income countries than in LMICs,
although the population of PWID is expanding in Sub-Saharan countries [14]. If the risk
of HCV transmission among PWID was removed, it is estimated that approximately 79%
of cases in high-income countries and 38% of cases in LMICs would have been prevented
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during the period of 2018-2020 [60]. This reflects the differing proportions of PWID
according to the income level of countries.

The likely higher prevalence and incidence rates of HCV compared to HIV among
PWID require further comment. A plausible explanation was provided in 2014 [61]: HCV
remains infectious at room temperature for up to six weeks compared to HIV, and HCV can
survive longer in high-volume syringes. Consequently, the risk of transmission through
contaminated needles and syringes after only needle exchange may persist for a longer
period with HCV compared to other viruses. Moreover, the amount of HCV virus able
to transmit the infection through contaminated equipment is much smaller than that of
HIV, which also contributes to increased efficiency of HCV transmission among injection
drug users.

Needle and syringe exchange programs (NSPs) play a crucial role in reducing HCV
transmission in high-income countries. The prevalence of HCV among PWID younger
than 30 years of age decreased from 44% in 2004 to 9% in 2011 [62]. Unfortunately, similar
programs are rarely implemented in Africa, where only 1.1% of countries have comparable
needle and syringe exchange programs [63]. The last available data on the topic generally
affirmed the effectiveness of NSPs in reducing HIV and HCV infections in LMICs. Moreover,
when high coverage is attained, NSPs seem to be as efficacious in LMICs as they are in
high-income countries [64].

Considering these factors, implementing interventions to enhance HCV testing, facili-
tate linkage to care, and initiate treatment among people who inject drugs presents signif-
icant challenges. A recent systematic review and meta-analysis evaluated interventions
aimed at improving outcomes such as testing, linkage to care, and treatment initiation [65].
Patient education and navigation were effective in addressing patient-level barriers to
HCV care by improving antibody testing uptake and linkage to care, respectively. Provider
care coordination proved effective in improving antibody testing uptake. Additionally,
three different interventions targeting system-level barriers showed effectiveness at various
stages of HCV care: point-of-care antibody testing (for linkage to care), dried blood-spot
testing (for antibody testing uptake), and integrated care (for linkage to care and treatment
initiation) [65]. Coupling these interventions with the above-discussed factors should be
considered when designing actions toward HCV elimination. The implementation and
effectiveness of preventive measures, such as harm reduction programs for intravenous
drug users or the promotion of safe medical practices, may benefit from this analysis. On
the other hand, among the factors reducing the efficacy of these programs, we should not
leave behind potential armed conflicts in areas of high endemicity for HCV and forcible
displacement of injection drug users that may benefit from opioid agonist therapies. Recent
data have shown how these services suffer from political instability, leading to low retention
in care and potentially high HCV-related morbidity and mortality [66].

3.3. Iatrogenic Transmission

The use of non-sterile medical equipment has historically led to significant HCV
epidemics in both LMICs and high-income countries, as described in previous paragraphs
detailing epidemics and TTIs. Still, the healthcare environment continues to pose a risk,
even in high-income countries. Recently, an increased risk of HCV transmission following
exposure to invasive procedures was documented [67]. Endoscopy, in particular, has been
associated with a nearly four-fold increased risk of HCV acquisition. With these procedures
being performed more frequently, a significant number of individuals may acquire infection
through this route. Inadequate sterilization of instruments likely facilitates patient-to-
patient transmission. The potential persistence of viremic HCV in the environment for
more than six weeks [61] underscores the need for strict adherence to safety procedures.

Conversely, adherence to standard safety procedures was shown to prevent HCV
transmission among 912 subjects undergoing endoscopy with properly disinfected instru-
ments, despite their use also in HCV-positive patients [68]. In LMICs, the reuse of injective
equipment and medical devices remains common. The WHO estimates that nine billion
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injections are given with reused equipment [69], largely due to financial constraints [70].
Additionally, in several African countries, the Middle East, and South Asia, the ongoing
practice of genital female circumcision with unsafe instruments plays a central role in HCV
transmission [71]. Increased surveillance should be instituted to monitor these unsafe
practices and to identify new potential techniques that may lead to infection.

3.4. Sexual Transmission

The efficiency of HCV transmission can vary depending on the type of sexual inter-
course. Among monogamous HIV-negative couples, transmission from an HCV-positive
partner to an HCV-negative partner is rare, considering discordant genotypes in couples
with both partners infected [15]. Studies suggest that HCV transmission among spouses
may be more likely due to common exposure to percutaneous risk factors, such as sharing
personal hygiene items and glass syringes, rather than through sexual intercourse. Couples
where both partners are HCV-infected were 12.4 times more likely to report sharing these
items compared to couples with only one infected partner [72].

A prospective Italian study involving 767 negative partners of HCV-positive individu-
als followed up for 10 years showed a low incidence rate of infection, as low as 0.37 per
1000 person-years [73]. All participants in this study were advised not to share personal
hygiene items such as toothbrushes, nail clippers, and razors. Another American study
quantified the risk of HCV transmission among monogamous couples, finding a low rate
of viral transmission between spouses, with a rate of transmission of 0.07% per year or
1 per 190,000 sexual intercourses, without specific sexual practices associated with HCV
transmission [74]. These findings provide reassuring counseling messages for monoga-
mous couples, particularly when no sexual intercourse occurs during concomitant viral or
bacterial infections [15].

However, the risk of sexually transmitted HCV is higher in cases of heterosexual
condomless activity with multiple sexual partners [75]. An Italian study found that indi-
viduals reporting three or more sexual partners in the previous six months had a nearly
three-fold higher risk of acute HCV compared to those reporting only one sexual partner,
after adjusting for potential confounders such as other exposures and excluding subjects
reporting blood transfusion and intravenous drug use [76]. Coinfection with sexually
transmitted bacterial diseases (STDs), which can disrupt genital mucosa integrity, further
increases the risk of HCV transmission [15].

Men who have sex with men (MSM) are at the highest risk of sexual transmission,
especially if coinfected with HIV [77]. In this context, traumatic damage to the rectal mucosa
facilitates viral transmission [15]. A recent systematic review quantified the prevalence
and incidence of HCV in MSM according to HIV status [77]. The overall HCV prevalence
was 3.4%, with the highest prevalence rates in Africa (5.8%) and Southeast Asia (5%).
Stratifying by HIV status, the prevalence ratio was 4.2, with prevalence rates of 1.55%
in HIV-negative MSM and 6.3% in HIV-positive subjects. In HIV-negative MSM, the
HCV incidence rates were 0.12 per 1000 person-years without pre-exposure prophylaxis
(PrEP) and 14.8 per 1000 person-years in subjects on PrEP. The HCV incidence in HIV-
positive MSM was 8.46 per 1000 person-years. Indeed, the burden of HCV varies by region
according to the prevalence of PWID and HIV. Moreover, using data from a prospective
observational cohort study involving HIV-positive MSM with acute HCV infection, the
incidence of HCV reinfection after spontaneous clearance (SC) or successful treatment was
evaluated, revealing that a high incidence of HCV reinfection among HIV-positive MSM
was strongly linked to sexual risk behavior, underscoring the urgency for interventions
to curb risky behavior and prevent reinfections. Specifically, the reinfection rate stood at
11.5 per 100 person-years, with a median reinfection time of 1.3 years (IQR 0.6-2.7). Factors
associated with HCV reinfection included receptive condomless anal intercourse, sharing
of sex toys, engaging in group sex, anal rinsing before sex, having > 10 casual sex partners
in the last six months, and a nadir CD4 cell count < 200 cells/mm? [78]. To dig deeper in
this special population, we should consider data from another very recent observational
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European cohort that assessed SC in a specific sub-population of HIV-positive MSM with
recently acquired HCV infection (RAHCV). SC of RAHCV in HIV-positive MSM was found
in only 11.9% of cases and immediate DAA treatment for RAHCV infection may be favored
in patients with ongoing transmission risk behaviors such as those described above [79].
All of these factors should be considered when designing public health campaigns and
individual assessment on the road to HCV elimination programs.

Figure 4 illustrates the gradient of increasing risk of sexual HCV transmission accord-
ing to the setting of intercourse. In all settings, the use of condoms is advisable, except for
monogamous couples without other risk factors such as PWID, HIV, or STDs.

‘ MSM/HIV+ |

1

‘ MSM/HIV- |

T

‘ Presence of viral/bacterial STDs |

1

‘ Multiple heterosexual partners |

I

‘ Monogamous couples |

Figure 4. Gradient of increasing risk of sexual HCV transmission according to the setting of intercourse.

3.5. Perinatal Transmission

As per data derived from US surveillance, around 29,000 HCV-positive women give
birth in the USA annually, but global figures for HCV in pregnant women are lacking [80].
In 2019, AASLD-IDSA guidelines, subsequently updated in 2023, recommended routine
HCV testing for pregnant women, proving cost-effective if HCV prevalence among them is
0.03% or higher [81]. This aligns with the 2020 universal screening recommendations by the
US Preventive Services Task Force [82]. Currently, obstetrical societies and general screening
recommendations, including the WHO, mostly rely on targeted risk or birth cohort-based
strategies to detect HCV in pregnant women, but screening practices are expected to change
as countries work toward HCV elimination goals. In the document “Global Hepatitis
Report 2024: Action for Access in Low- and Middle-Income Countries,” it is noted that
most reporting countries have adopted and are implementing a national hepatitis C testing
strategy or policy in line with WHO guidelines. While nearly all (90%) provide targeted
testing for individuals from the most severely affected populations, only six countries focus
their efforts on testing pregnant women. Consequently, implementing these specific testing
strategies remains challenging in low- and middle-income countries [83]. Furthermore, risk
factors for HCV infection, such as female genital mutilation, prevalent in various African
regions, may not be adequately accounted for in existing methodologies [84]. Moreover,
it has to be considered that only anti-HCV-positive women with viremia face the risk
of mother-to-child transmission (MTCT) of HCV, which is further heightened by HIV
coinfection [84]. The degree of HCV viremia correlates with MTCT risk, though a precise
threshold remains unidentified, fueling uncertainty in the best strategy to adopt. MTCT can
occur during labor, around childbirth, or postpartum [82]. In particular, the risk of mother-
to-infant transmission is six-fold higher in HCV monoinfected mothers and doubles in HCV-
HIV coinfected mothers [85]. Transmission primarily occurs during delivery, particularly
in the presence of high maternal viral load during the third trimester of pregnancy [9,84].
Additional factors such as amniocentesis, prolonged rupture of membranes, and invasive
fetal monitoring may also contribute to transmission [17,86]. The mode of delivery and type
of feeding do not significantly affect vertical transmission in monoinfected women [11].
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Direct-acting antiviral (DAA) therapy, with a sustained virologic response (SVR)
rate exceeding 95% [8], has the potential to prevent vertical HCV transmission, provided
universal HCV screening in pregnant women [87]. However, testing and linkage to care
remain inadequate [88]. Sofosbuvir-based therapies initiated during the second trimester
have been found to be safe and well-tolerated in real-life cohorts [88] and in a phase 1
study [89].

3.6. Body Grooming and Modification

Tattooing and body piercing are prevalent practices, especially in high-income coun-
tries, spanning across various social classes and age groups. These practices pose a risk
for transmitting various infectious diseases, particularly bloodborne viruses such as HCV.
Contamination of instruments with infectious blood can occur, and if proper sterilization
is lacking, this can lead to the transmission of infections to other individuals. Studies
conducted in different countries [90-94] have consistently demonstrated a significant asso-
ciation between tattooing and HCV infection, with closely aligned levels of risk (Table 7).

Table 7. Adjusted odds ratios (O.R.) for the association of HCV infection with tattooing.

Country O.R. (CI: 95%) Patients Year Reference
Taiwan 5.9 (1.6-22.0) Chronic HCV 1992 [90]
Norway 5.4 (1.7-9.2) Chronic HCV 1993 [91]
New Mexico 5.9 (1.1-30.7) Chronic HCV 1999 [92]
Texas 6.5 (2.9-14.7) Chronic HCV 2001 [93]
Italy 5.6 (2.8-11.0) Acute HCV 2004 [94]

Tattooing plays an important role in HCV transmission particularly in the prison
setting. It is well known that prison inmates receive tattoos while incarcerated as a sign
of gang affiliation or other personal reasons, often using non-sterilized or rudimental
instruments, increasing the risk of HCV transmission in a setting where the virus is already
prevalent [95].

An [talian study [94] was unique in its recruitment, as it surveyed acute HCV cases
and also investigated the role of piercing, revealing a significant association (odds ratio:
2.4; 95% confidence interval: 1.2-4.8) with HCV. These routine procedures, frequently
conducted using unsafe methods, may contribute to a significant proportion of HCV cases.
Therefore, the use of disposable instruments and proper sterilization of equipment are
imperative measures to mitigate this risk.

In Pakistan, shaving with the same blade has been shown to be a strong independent
risk factor (O.R. 5.1; 95% C.I. = 1.5-17.0) for HCV transmission among males [96].

Unfortunately, recent data in high-prevalence settings demonstrated that overall aware-
ness among workers in beauty salons about parenterally transmitted viruses, including
hepatitis C, is inadequate [97].

3.7. Attempts to Eliminate HCV Infection

Primary prevention interventions for HCV are of utmost importance [98]. Implement-
ing screening of blood supplies [99], ensuring safe injections in LMICs [100], implementing
harm reduction interventions such as needle and syringe programs for PWID [101], and
employing behavioral interventions for MSM [102], are all measures that have the poten-
tial to impact the likelihood of HCV transmission. As discussed above, harm reduction
initiatives for intravenous drug users and advocacy for safe medical practices provide a
robust foundation for curtailing HCV spread. Understanding the implementation nuances
and efficacy of these preventive measures are imperative for a holistic approach to disease
prevention [65]. To anticipate and adapt to emerging trends and challenges in the realm
of HCV transmission and prevention, the evolving patterns of drug use, advancements in
treatment modalities, and the integration of digital health technologies should not be ne-
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glected in the fight for HCV prevention and control. Innovative approaches and sustained
collaborative efforts across sectors are being implemented at different levels. Recent expe-
riences integrated traditional with machine learning-guided syringe service programs in
order to identify high-priority areas for implementation due to their increased vulnerability,
in both urban and rural communities outside of current existing programs [103]. More-
over, accurate spatiotemporal mapping of drug overdose deaths was achieved through
machine learning analysis of drug-related web searches, integrating existing programs for
injection drug users in the USA [104]. Additionally, in Europe, neural network analysis
of socio-medical data or questionnaires was employed to identify predictors of undiag-
nosed hepatitis C virus infections and develop potentially more efficient risk-adapted HCV
screening [105,106]. These techniques have the potential to enhance resource allocation and
program prioritization, reshaping national initiatives in both high- and low /middle-income
countries. However, the debate regarding the use of such technologies at individual and
population levels for treatment remains ongoing [107].

Additionally, the current availability of safe and effective DAA therapy for HCV
plays a central role in combating the virus. These therapies have the potential to halt viral
transmission from an infected individual to a susceptible subject. However, their high cost
and limited access in LMICs present significant challenges.

In 2015, the WHO adopted an ambitious, albeit perhaps overly optimistic, program to
eliminate HCV as a public health threat by 2030 [108]. The targets of this program include
a 90% reduction in incident cases, a 65% reduction in mortality, and ensuring that 80% of
treatment-eligible subjects have access to care. Achieving these targets requires universal
screening, diagnosis, linkage to care, and access to affordable DAA regimens. However,
these goals are particularly challenging to reach in LMICs, as well as in rural and forested
areas in South America, Africa, and Southeast Asia. Concerns about the feasibility of this
project stem from issues such as the cost and supply of these drugs and the complexities of
the logistic chain in these regions.

An effective vaccine may represent the most promising pathway to achieve elimination
of this infectious disease. Unfortunately, an effective vaccine against HCV has not yet been
developed. A recent phase 2 randomized trial of an HCV vaccine yielded unsuccessful
results: while the vaccine reduced HCV RNA levels, it did not prevent chronic HCV
infection [109]. Much work remains to be done in this area. In the absence of an effective
vaccine, the WHO project to eliminate HCV remains just a dream.

4. Conclusions

HCV infection poses a significant global health challenge. While high-income countries
have made notable progress in reducing certain modes of transmission, such as ensuring
the safety of blood and blood products and, to a lesser extent, minimizing iatrogenic
exposure, low- and middle-income countries (LMICs) continue to grapple with issues like
unscreened blood transfusions and non-sterile injections, highlighting the stark inequality
between these two settings. Socio-economic factors, healthcare infrastructure limitations,
and cultural barriers influence HCV transmission and control efforts, particularly in more
resource-limited settings. Intravenous drug use remains a significant challenge, with its
prevalence also on the rise in LMICs.

As presented above, the evolving modes of transmission over time reported in Table 5
explain the current birth cohort prevalence of individuals infected with HCV, with an
emerging shift toward younger generations. The impact of the evolving drug use pattern
will represent a worldwide challenge in the years to come, requiring major attention. In
this context, the introduction of new digital and non-digital technologies, the pathways of
evolving treatment, and the potential introduction of a vaccine would be crucial. While
curative DAA therapy has been identified as a means to halt HCV transmission, the lack
of an effective vaccine remains the primary barrier to achieving HCV elimination on a
global scale.



Viruses 2024, 16, 1115 14 of 18

Author Contributions: All authors contributed to the study conception and design. Material prepa-
ration, data collection, and curation were performed by T.S. The first draft of the manuscript was
written by T.S. and G.S. commented on previous versions of the manuscript for writing, reviewing,
and editing. Visualization was prepared by T.S. and G.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was supported by the Italian Ministry of Health “Fondi Ricerca Corrente” to
IRCCS Sacro Cuore Don Calabria Hospital.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
Acknowledgments: G.S. for her support for figures and tables.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

10.
11.
12.
13.

14.

15.
16.

17.

18.

19.

Smith, D.B.; Mellor, J.; Jarvis, L.M.; Davidson, F.; Kolberg, J.; Urdea, M.; Yap, P.L.; Simmonds, P. Variation of the hepatitis C virus
5 non-coding region: Implications for secondary structure, virus detection and typing. The International HCV Collaborative
Study Group. J. Gen. Virol. 1995, 76 Pt 7, 1749-1761. [CrossRef] [PubMed]

Choo, Q.L.; Kuo, G.; Weiner, A J.; Overby, L.R.; Bradley, D.W.; Houghton, M. Isolation of a cDNA clone derived from a blood-borne
non-A, non-B viral hepatitis genome. Science 1989, 244, 359-362. [CrossRef] [PubMed]

Kuo, G.; Choo, Q.L.; Alter, H.].; Gitnick, G.L.; Redeker, A.G.; Purcell, R H.; Miyamura, T.; Dienstag, J.L.; Alter, M.].; Stevens,
C.E,; et al. An assay for circulating antibodies to a major etiologic virus of human non-A, non-B hepatitis. Science 1989, 244,
362-364. [CrossRef] [PubMed]

Alter, H.J. The hepatitis C virus and its relationship to the clinical spectrum of NANB hepatitis. ]. Gastroenterol. Hepatol. 1990, 5
(Suppl. S1), 78-94. [CrossRef] [PubMed]

Miyamura, T.; Saito, I.; Katayama, T.; Kikuchi, S.; Tateda, A.; Houghton, M.; Choo, Q.L.; Kuo, G. Detection of antibody against
antigen expressed by molecularly cloned hepatitis C virus cDNA: Application to diagnosis and blood screening for posttransfusion
hepatitis. Proc. Natl. Acad. Sci. USA 1990, 87, 983-987. [CrossRef] [PubMed]

WHO Global Hepatitis Report, 2022. Available online: https://www.who.int/news-room/fact-sheets/detail /hepatitis-c (ac-
cessed on 14 January 2024).

Polaris Observatory HCV Collaborators. Global change in hepatitis C virus prevalence and cascade of care between 2015 and 2020: A
modelling study. Lancet Gastroenterol. Hepatol. 2022, 7, 396-415.

Falade-Nwulia, O.; Suarez-Cuervo, C.; Nelson, D.R.; Fried, M.W.; Segal, ].B.; Sulkowski, M.S. Oral Direct-Acting Agent Therapy
for Hepatitis C Virus Infection: A Systematic Review. Ann. Intern. Med. 2017, 166, 637-648. [CrossRef]

Roudot-Thoraval, F. Epidemiology of hepatitis C virus infection. Clin. Res. Hepatol. Gastroenterol. 2021, 45, 101596. [CrossRef]
Spearman, C.W.; Dusheiko, G.M.; Hellard, M.; Sonderup, M. Hepatitis C. Lancet 2019, 394, 1451-1466. [CrossRef]

Martinello, M.; Solomon, S.S.; Terrault, N.A.; Dore, G.J. Hepatitis C. Lancet 2023, 402, 1085-1096. [CrossRef]

Manns, M.P.; Maasoumy, B. Breakthroughs in hepatitis C research: From discovery to cure. Nat. Rev. Gastroenterol. Hepatol. 2022,
19, 533-550. [CrossRef]

Prati, D. Transmission of hepatitis C virus by blood transfusions and other medical procedures: A global review. J. Hepatol. 2006,
45, 607-616. [CrossRef]

Artenie, A.; Stone, J.; Fraser, H.; Stewart, D.; Arum, C.; Lim, A.G.; McNaughton, A L.; Trickey, A.; Ward, Z.; Abramovitz, D.; et al.
HIV and HCV Incidence Review Collaborative Group. Incidence of HIV and hepatitis C virus among people who inject drugs,
and associations with age and sex or gender: A global systematic review and meta-analysis. Lancet Gastroenterol. Hepatol. 2023, 8,
533-552. [CrossRef] [PubMed]

Terrault, N.A. Sexual activity as a risk factor for hepatitis C. Hepatology 2002, 36 (Suppl. S1), S99-5105.

Chan, D.P; Sun, H.Y,; Wong, H.T; Lee, S.S.; Hung, C.C. Sexually acquired hepatitis C virus infection: A review. Int. J. Infect. Dis.
2016, 49, 47-58. [CrossRef] [PubMed]

Deng, S.; Zhong, W.; Chen, W.; Wang, Z. Hepatitis C viral load and mother-to-child transmission: A systematic review and
meta-analysis. |. Gastroenterol. Hepatol. 2023, 38, 177-186. [CrossRef]

Esteban, ].I; Sauleda, S.; Quer, J. The changing epidemiology of hepatitis C virus infection in Europe. J. Hepatol. 2008, 48, 148-162.
[CrossRef] [PubMed]

Abdel-Aziz, E; Habib, M.; Mohamed, M.K.; Abdel-Hamid, M.; Gamil, F.; Madkour, S.; Mikhail, N.N.; Thomas, D.; Fix, A.D.;
Strickland, G.T.; et al. Hepatitis C virus (HCV) infection in a community in the Nile Delta: Population description and HCV
prevalence. Hepatology 2000, 32, 111-115. [CrossRef]


https://doi.org/10.1099/0022-1317-76-7-1749
https://www.ncbi.nlm.nih.gov/pubmed/9049380
https://doi.org/10.1126/science.2523562
https://www.ncbi.nlm.nih.gov/pubmed/2523562
https://doi.org/10.1126/science.2496467
https://www.ncbi.nlm.nih.gov/pubmed/2496467
https://doi.org/10.1111/j.1440-1746.1990.tb01783.x
https://www.ncbi.nlm.nih.gov/pubmed/1966485
https://doi.org/10.1073/pnas.87.3.983
https://www.ncbi.nlm.nih.gov/pubmed/2105505
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://doi.org/10.7326/M16-2575
https://doi.org/10.1016/j.clinre.2020.101596
https://doi.org/10.1016/S0140-6736(19)32320-7
https://doi.org/10.1016/S0140-6736(23)01320-X
https://doi.org/10.1038/s41575-022-00608-8
https://doi.org/10.1016/j.jhep.2006.07.003
https://doi.org/10.1016/S2468-1253(23)00018-3
https://www.ncbi.nlm.nih.gov/pubmed/36996853
https://doi.org/10.1016/j.ijid.2016.05.030
https://www.ncbi.nlm.nih.gov/pubmed/27270138
https://doi.org/10.1111/jgh.15998
https://doi.org/10.1016/j.jhep.2007.07.033
https://www.ncbi.nlm.nih.gov/pubmed/18022726
https://doi.org/10.1053/jhep.2000.8438

Viruses 2024, 16, 1115 15 0of 18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.
45.

Frank, C.; Mohamed, M.K.; Strickland, G.T.; Lavanchy, D.; Arthur, R.R.; Magder, L.S.; El Khoby, T.; Abdel-Wahab, Y.; Aly Ohn,
E.S.; Anwar, W,; et al. The role of parenteral antischistosomal therapy in the spread of hepatitis C virus in Egypt. Lancet 2000, 355,
887-891. [CrossRef] [PubMed]

Pépin, J.; Lavoie, M.; Pybus, O.G.; Pouillot, R.; Foupouapouognigni, Y.; Rousset, D.; Labbé, A.C.; Njouom, R. Risk factors for
hepatitis C virus transmission in colonial Cameroon. Clin. Infect. Dis. 2010, 51, 768-776. [CrossRef]

Pépin, ].; Labbé, A.C.; Mamadou-Yaya, F; Mbélesso, P.; Mbadingai, S.; Deslandes, S.; Locas, M.C.; Frost, E. Iatrogenic transmission
of human T cell lymphotropic virus type 1 and hepatitis C virus through parenteral treatment and chemoprophylaxis of sleeping
sickness in colonial Equatorial Africa. Clin. Infect. Dis. 2010, 51, 777-784. [CrossRef] [PubMed]

Kiyosawa, K.; Tanaka, E.; Sodeyama, T.; Yoshizawa, K.; Yabu, K,; Furuta, K.; Imai, H.; Nakano, Y.; Usuda, S.; Uemura, K.; et al.
Transmission of hepatitis C in an isolated area in Japan: Community-acquired infection. The South Kiso Hepatitis Study Group.
Gastroenterology 1994, 106, 1596-1602. [CrossRef] [PubMed]

Guadagnino, V.; Stroffolini, T.; Rapicetta, M.; Costantino, A.; Kondili, L.A.; Menniti-Ippolito, F.; Caroleo, B.; Costa, C.; Griffo, G.;
Loiacono, L.; et al. Prevalence, risk factors, and genotype distribution of hepatitis C virus infection in the general population: A
community-based survey in southern Italy. Hepatology 1997, 26, 1006-1011. [CrossRef] [PubMed]

Deelder, A.M.; Miller, R.L.; de Jonge, N.; Krijger, EW. Detection of schistosome antigen in mummies. Lancet 1990, 335, 724-725.
[CrossRef] [PubMed]

Ghaffar, Y.A.; Fattah, S.A.; Kamel, M.; Badr, RM.; Mahomed, EFE; Strickland, G.T. The impact of endemic schistosomiasis on acute
viral hepatitis. Am. J. Trop. Med. Hyg. 1991, 45, 743-750. [CrossRef] [PubMed]

Kandeel, A.; Genedy, M.; El-Refai, S.; Funk, A.L.; Fontanet, A ; Talaat, M. The prevalence of hepatitis C virus infection in Egypt
2015: Implications for future policy on prevention and treatment. Liver Int. 2017, 37, 45-53. [CrossRef] [PubMed]

Waked, L; Esmat, G.; Elsharkawy, A.; El-Serafy, M.; Abdel-Razek, W.; Ghalab, R.; Elshishiney, G.; Salah, A.; Abdel Megid, S.; Kabil,
K.; et al. Screening and Treatment Program to Eliminate Hepatitis C in Egypt. N. Engl. ]. Med. 2020, 382, 1166-1174. [CrossRef]
[PubMed]

Ngatchu, T.; Stroffolini, T.; Rapicetta, M.; Chionne, P.; Lantum, D.; Chiaramonte, M. Seroprevalence of anti-HCV in an urban child
population: A pilot survey in a developing area, Cameroon. J. Trop. Med. Hyg. 1992, 95, 57-61.

Hay, S.I; Guerra, C.A.; Gething, PW.,; Patil, A.P,; Tatem, A.J.; Noor, A.M.; Kabaria, C.W.; Manh, B.H.; Elyazar, LR.; Brooker, S.; et al.
A world malaria map: Plasmodium falciparum endemicity in 2007. PLoS Med. 2009, 6; Erratum in PLoS Med. 2009, 6, e1000048.
[CrossRef]

Vaucel, M. Médecine Tropicale; Flammarion: Paris, France, 1952.

Strickland, G.T. An epidemic of hepatitis C virus infection while treating endemic infectious diseases in Equatorial Africa more
than a half century ago: Did it also jump-start the AIDS pandemic? Clin. Infect. Dis. 2010, 51, 785-787. [CrossRef]

Denis, F.; Aussel, L.; Ranger, S.; Martin, P,; Itoua-N’Gaporo, A.; Frommel, D.; Teckle-Haimanot, R.T.; Sangare, A.; M'Boup, S.;
Millan, J.; et al. Prevalence of antibodies to hepatitis C virus among patients with leprosy in several African countries and the
Yemen. J. Med. Virol. 1994, 43, 1-4. [CrossRef] [PubMed]

de Moraes Braga, A.C.; Reason, L].; Maluf, E.C.; Vieira, E.R. Leprosy and confinement due to leprosy show high association with
hepatitis C in Southern Brazil. Acta Trop. 2006, 97, 88-93. [CrossRef] [PubMed]

Guadagnino, V.; Stroffolini, T.; Caroleo, B.; Menniti Ippolito, E; Rapicetta, M.; Ciccaglione, A.R.; Chionne, P.; Madonna, E,;
Costantino, A.; De Sarro, G.; et al. Hepatitis C virus infection in an endemic area of Southern Italy 14 years later: Evidence for a
vanishing infection. Dig. Liver Dis. 2013, 45, 403-407. [CrossRef] [PubMed]

Denniston, M.M.,; Jiles, R.B.; Drobeniuc, J.; Klevens, R.M.; Ward, ].W.; McQuillan, G.M.; Holmberg, S.D. Chronic hepatitis C virus
infection in the United States, National Health and Nutrition Examination Survey 2003 to 2010. Ann. Intern. Med. 2014, 160,
293-300. [CrossRef] [PubMed]

Andriulli, A.; Stroffolini, T.; Mariano, A.; Valvano, M.R.; Grattagliano, I.; Ippolito, A.M.; Grossi, A.; Brancaccio, G.; Coco, C,;
Russello, M.; et al. Declining prevalence and increasing awareness of HCV infection in Italy: A population-based survey in five
metropolitan areas. Eur. J. Intern. Med. 2018, 53, 79-84. [CrossRef] [PubMed]

Armstrong, G.L.; Wasley, A.; Simard, E.P.; McQuillan, G.M.; Kuhnert, W.L.; Alter, M.J. The prevalence of hepatitis C virus infection
in the United States, 1999 through 2002. Ann. Intern. Med. 2006, 144, 705-714. [CrossRef] [PubMed]

Rantala, M.; van de Laar, M.]. Surveillance and epidemiology of hepatitis B and C in Europe—A review. Euro Surveill. 2008,
22,18880. [CrossRef]

Poynard, T.; Bedossa, P.; Opolon, P. Natural history of liver fibrosis progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 1997, 349, 825-832. [CrossRef] [PubMed]

Bissell, D.M. Sex and hepatic fibrosis. Hepatology 1999, 29, 988-989. [CrossRef]

Ashcroft, G.S.; Dodsworth, J.; van Boxtel, E.; Tarnuzzer, R W.; Horan, M. A; Schultz, G.S.; Ferguson, M.W. Estrogen accelerates
cutaneous wound healing associated with an increase in TGF-betal levels. Nat. Med. 1997, 3, 1209-1215. [CrossRef]

Bakr, I.; Rekacewicz, C.; El Hosseiny, M.; Ismail, S.; El Daly, M.; El-Kafrawy, S.; Esmat, G.; Hamid, M.A.; Mohamed, M.K,;
Fontanet, A. Higher clearance of hepatitis C virus infection in females compared with males. Gut 2006, 55, 1183-1187. [CrossRef]
[PubMed]

Stroffolini, T.; Rapicetta, M.; Di Stefano, R. Hepatitis C virus clearance and gender. Gut 2007, 56, 884, author reply 884. [PubMed]
Giangrande, P.L. The history of blood transfusion. Br. |. Haematol. 2000, 110, 758-767. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(99)06527-7
https://www.ncbi.nlm.nih.gov/pubmed/10752705
https://doi.org/10.1086/656233
https://doi.org/10.1086/656232
https://www.ncbi.nlm.nih.gov/pubmed/20735238
https://doi.org/10.1016/0016-5085(94)90416-2
https://www.ncbi.nlm.nih.gov/pubmed/8194707
https://doi.org/10.1002/hep.510260431
https://www.ncbi.nlm.nih.gov/pubmed/9328327
https://doi.org/10.1016/0140-6736(90)90838-V
https://www.ncbi.nlm.nih.gov/pubmed/1969079
https://doi.org/10.4269/ajtmh.1991.45.743
https://www.ncbi.nlm.nih.gov/pubmed/1763802
https://doi.org/10.1111/liv.13186
https://www.ncbi.nlm.nih.gov/pubmed/27275625
https://doi.org/10.1056/NEJMsr1912628
https://www.ncbi.nlm.nih.gov/pubmed/32187475
https://doi.org/10.1371/annotation/a7ab5bb8-c3bb-4f01-aa34-65cc53af065d
https://doi.org/10.1086/656234
https://doi.org/10.1002/jmv.1890430102
https://www.ncbi.nlm.nih.gov/pubmed/7521898
https://doi.org/10.1016/j.actatropica.2005.09.003
https://www.ncbi.nlm.nih.gov/pubmed/16263074
https://doi.org/10.1016/j.dld.2012.10.014
https://www.ncbi.nlm.nih.gov/pubmed/23199596
https://doi.org/10.7326/M13-1133
https://www.ncbi.nlm.nih.gov/pubmed/24737271
https://doi.org/10.1016/j.ejim.2018.02.015
https://www.ncbi.nlm.nih.gov/pubmed/29475770
https://doi.org/10.7326/0003-4819-144-10-200605160-00004
https://www.ncbi.nlm.nih.gov/pubmed/16702586
https://doi.org/10.2807/ese.13.21.18880-en
https://doi.org/10.1016/S0140-6736(96)07642-8
https://www.ncbi.nlm.nih.gov/pubmed/9121257
https://doi.org/10.1002/hep.510290351
https://doi.org/10.1038/nm1197-1209
https://doi.org/10.1136/gut.2005.078147
https://www.ncbi.nlm.nih.gov/pubmed/16434426
https://www.ncbi.nlm.nih.gov/pubmed/17519492
https://doi.org/10.1046/j.1365-2141.2000.02139.x
https://www.ncbi.nlm.nih.gov/pubmed/11054057

Viruses 2024, 16, 1115 16 of 18

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Alter, HJ.; Purcell, RH.; Holland, P.V.; Popper, H. Transmissible agent in non-A, non-B hepatitis. Lancet 1978, 1, 459-463.
[CrossRef] [PubMed]

Colombo, M.; Oldani, S.; Donato, M.F; Borzio, M.; Santese, R.; Roffi, L.; Vigano, P.; Cargnel, A. A multicenter, prospective study
of posttransfusion hepatitis in Milan. Hepatology 1987, 7, 709-712. [CrossRef]

Shepard, C.W.; Finelli, L.; Alter, M.]. Global epidemiology of hepatitis C virus infection. Lancet Infect. Dis. 2005, 5, 558-567.
[CrossRef] [PubMed]

Power, J.P.; Lawlor, E.; Davidson, E; Yap, P.L.; Kenny-Walsh, E.; Whelton, M.].; Walsh, T.]. Hepatitis C viraemia in recipients of
Irish intravenous anti-D immunoglobulin. Lancet 1994, 344, 1166-1167. [CrossRef] [PubMed]

Wiese, M.; Griingreiff, K.; Guithoff, W.; Lafrenz, M.; Oesen, U.; Porst, H.; East German Hepatitis C Study Group. Outcome
in a hepatitis C (genotype 1b) single source outbreak in Germany—A 25-year multicenter study. J. Hepatol. 2005, 43, 590-598.
[CrossRef] [PubMed]

Kenny-Walsh, E. Clinical outcomes after hepatitis C infection from contaminated anti-D immune globulin. Irish Hepatology
Research Group. N. Engl. . Med. 1999, 340, 1228-1233. [CrossRef] [PubMed]

Gonzalez, M.; Regine, V.; Piccinini, V.; Vulcano, E; Giampaolo, A.; Hassan, H.]. Residual risk of transfusion-transmitted human
immunodeficiency virus, hepatitis C virus, and hepatitis B virus infections in Italy. Transfusion 2005, 45, 1670-1675. [CrossRef]
Velati, C.; Romano, L.; Piccinini, V.; Marano, G.; Catalano, L.; Pupella, S.; Facco, G.; Pati, L; Tosti, M.E.; Vaglio, S.; et al.
Prevalence, incidence and residual risk of transfusion-transmitted hepatitis C virus and human immunodeficiency virus after the
implementation of nucleic acid testing in Italy: A 7-year (2009-2015) survey. Blood Transfus. 2018, 16, 422-432. [PubMed]

Velati, C.; Romano, L.; Pati, I.; Marano, G.; Piccinini, V.; Catalano, L.; Pupella, S.; Vaglio, S.; Veropalumbo, E.; Masiello, F.; et al.
Prevalence, incidence and residual risk of transfusion-transmitted hepatitis B virus infection in Italy from 2009 to 2018. Blood
Transfus. 2019, 17, 409-417.

Candotti, D.; Tagny-Tayou, C.; Laperche, S. Challenges in transfusion-transmitted infection screening in Sub-Saharan Africa.
Transfus. Clin. Biol. 2021, 28, 163-170. [CrossRef] [PubMed]

Loua, A.; Nikiema, ].B.; Sougou, A ; Kasilo, O.].M. Transfusion in the WHO African Region. Transfus. Clin. Biol. 2019, 26, 155-159.
[CrossRef] [PubMed]

Thursz, M.; Fontanet, A. HCV transmission in industrialized countries and resource-constrained areas. Nat. Rev. Gastroenterol.
Hepatol. 2014, 11, 28-35. [CrossRef]

Suryaprasad, A.G.; White, ].Z.; Xu, F; Eichler, B.A.; Hamilton, ].; Patel, A.; Hamdounia, S.B.; Church, D.R.; Barton, K.; Fisher,
C.; et al. Emerging epidemic of hepatitis C virus infections among young nonurban persons who inject drugs in the United States,
2006-2012. Clin. Infect. Dis. 2014, 59, 1411-1419. [CrossRef] [PubMed]

Degenhardt, L.; Peacock, A.; Colledge, S.; Leung, J.; Grebely, J.; Vickerman, P.; Stone, J.; Cunningham, E.B.; Trickey, A.; Dumcheyv,
K.; et al. Global prevalence of injecting drug use and sociodemographic characteristics and prevalence of HIV, HBV, and HCV
in people who inject drugs: A multistage systematic review. Lancet Glob. Health 2017, 5, €1192—e1207, Erratum in Lancet Glob.
Health 2018, 6, e36. [CrossRef]

Trickey, A.; Fraser, H.; Lim, A.G.; Peacock, A.; Colledge, S.; Walker, J.G.; Leung, J.; Grebely, ].; Larney, S.; Martin, N.K,; et al. The
contribution of injection drug use to hepatitis C virus transmission globally, regionally, and at country level: A modelling study.
Lancet Gastroenterol. Hepatol. 2019, 4, 435-444, Erratum in Lancet Gastroenterol. Hepatol. 2019, 4, €5. [CrossRef] [PubMed]

Paintsil, E.; Binka, M.; Patel, A.; Lindenbach, B.D.; Heimer, R. Hepatitis C virus maintains infectivity for weeks after drying on
inanimate surfaces at room temperature: Implications for risks of transmission. |. Infect. Dis. 2014, 209, 1205-1211. [CrossRef]
[PubMed]

Leon, L.; Kasereka, S.; Barin, F,; Larsen, C.; Weill-Barillet, L.; Pascal, X.; Chevaliez, S.; Pillonel, J.; Jauffret-Roustide, M.; LEStrat, Y.
Age- and time-dependent prevalence and incidence of hepatitis C virus infection in drug users in France, 2004-2011: Model-based
estimation from two national cross-sectional serosurveys. Epidemiol. Infect. 2017, 145, 895-907. [CrossRef]

The Global State of Harm Reduction. 2016. Available online: https://www.hri.global/files/2016/11/14/GSHR2016_14nov.pdf
(accessed on 20 February 2024).

Des Jarlais, D.C.; Feelemyer, ].P.; Modi, S.N.; Abdul-Quader, A.; Hagan, H. High coverage needle/syringe programs for people
who inject drugs in low and middle income countries: A systematic review. BMC Public. Health 2013, 13, 53. [CrossRef]
Cunningham, E.B.; Wheeler, A.; Hajarizadeh, B.; French, C.E.; Roche, R.; Marshall, A.D.; Fontaine, G.; Conway, A.; Bajis, S.;
Valencia, B.M,; et al. Interventions to enhance testing and linkage to treatment for hepatitis C infection for people who inject
drugs: A systematic review and meta-analysis. Int. J. Drug Policy 2023, 111, 103917. [CrossRef] [PubMed]

Meteliuk, A.; Sazonova, Y.; Goldmann, E.; Xu, S.; Liutyi, V.; Liakh, T.; Spirina, T.; Lekholetova, M.; Islam, Z.; Ompad, D.C. The
impact of the 2014 military conflict in the east of Ukraine and the Autonomous Republic of the Crimea among patients receiving
opioid agonist therapies. J. Subst. Use Addict. Treat. 2024, 160, 209312. [CrossRef] [PubMed]

Caminada, S.; Mele, A_; Ferrigno, L.; Alfonsi, V.; Crateri, S.; Iantosca, G.; Sabato, M.; Tosti, M.E.; SEIEVA Collaborating Group.
Risk of parenterally transmitted hepatitis following exposure to invasive procedures in Italy: SEIEVA surveillance 2000-2021.
J. Hepatol. 2023, 79, 61-68. [CrossRef]

Ciancio, A.; Manzini, P.; Castagno, F.; D’Antico, S.; Reynaudo, P.; Coucourde, L.; Ciccone, G.; Del Piano, M.; Ballare, M.; Peyre,
S.; et al. Digestive endoscopy is not a major risk factor for transmitting hepatitis C virus. Ann. Intern. Med. 2005, 142, 903-909.
[CrossRef]


https://doi.org/10.1016/S0140-6736(78)90131-9
https://www.ncbi.nlm.nih.gov/pubmed/76017
https://doi.org/10.1002/hep.1840070415
https://doi.org/10.1016/S1473-3099(05)70216-4
https://www.ncbi.nlm.nih.gov/pubmed/16122679
https://doi.org/10.1016/S0140-6736(94)90679-3
https://www.ncbi.nlm.nih.gov/pubmed/7934528
https://doi.org/10.1016/j.jhep.2005.04.007
https://www.ncbi.nlm.nih.gov/pubmed/16237783
https://doi.org/10.1056/NEJM199904223401602
https://www.ncbi.nlm.nih.gov/pubmed/10210705
https://doi.org/10.1111/j.1537-2995.2005.00576.x
https://www.ncbi.nlm.nih.gov/pubmed/30036178
https://doi.org/10.1016/j.tracli.2021.01.007
https://www.ncbi.nlm.nih.gov/pubmed/33515730
https://doi.org/10.1016/j.tracli.2019.06.191
https://www.ncbi.nlm.nih.gov/pubmed/31255509
https://doi.org/10.1038/nrgastro.2013.179
https://doi.org/10.1093/cid/ciu643
https://www.ncbi.nlm.nih.gov/pubmed/25114031
https://doi.org/10.1016/S2214-109X(17)30375-3
https://doi.org/10.1016/S2468-1253(19)30085-8
https://www.ncbi.nlm.nih.gov/pubmed/30981685
https://doi.org/10.1093/infdis/jit648
https://www.ncbi.nlm.nih.gov/pubmed/24273176
https://doi.org/10.1017/S0950268816002934
https://www.hri.global/files/2016/11/14/GSHR2016_14nov.pdf
https://doi.org/10.1186/1471-2458-13-53
https://doi.org/10.1016/j.drugpo.2022.103917
https://www.ncbi.nlm.nih.gov/pubmed/36542883
https://doi.org/10.1016/j.josat.2024.209312
https://www.ncbi.nlm.nih.gov/pubmed/38336264
https://doi.org/10.1016/j.jhep.2023.03.002
https://doi.org/10.7326/0003-4819-142-11-200506070-00008

Viruses 2024, 16, 1115 17 of 18

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Hutin, Y.J.; Hauri, A.M.; Armstrong, G.L. Use of injections in healthcare settings worldwide, 2000: Literature review and regional
estimates. BMJ 2003, 327, 1075. [CrossRef] [PubMed]

Miller, M.A.; Pisani, E. The cost of unsafe injections. Bull. World Health Organ. 1999, 77, 808-811.

Beausang, J.; Mama, S.T. A Summary of Female Genital Mutilation/Cutting for the Pediatric and Adolescent Care Provider.
J. Pediatr. Adolesc. Gynecol. 2023, 36, 97-102. [CrossRef]

Stroffolini, T.; Lorenzoni, U.; Menniti-Ippolito, F.; Infantolino, D.; Chiaramonte, M. Hepatitis C virus infection in spouses: Sexual
transmission or common exposure to the same risk factors? Am. J. Gastroenterol. 2001, 96, 3138-3141. [CrossRef] [PubMed]
Vandelli, C.; Renzo, F.; Romano, L.; Tisminetzky, S.; De Palma, M.; Stroffolini, T.; Ventura, E.; Zanetti, A. Lack of evidence of sexual
transmission of hepatitis C among monogamous couples: Results of a 10-year prospective follow-up study. Am. J. Gastroenterol.
2004, 99, 855-859. [CrossRef]

Terrault, N.A.; Dodge, ].L.; Murphy, E.L.; Tavis, ].E.; Kiss, A.; Levin, T.R.; Gish, R.G.; Busch, M.P,; Reingold, A.L.; Alter, M.].
Sexual transmission of hepatitis C virus among monogamous heterosexual couples: The HCV partners study. Hepatology 2013, 57,
881-889. [CrossRef] [PubMed]

Alter, M.J.; Coleman, PJ.; Alexander, WJ.; Kramer, E.; Miller, ].K.; Mandel, E.; Hadler, S.C.; Margolis, H.S. Importance of
heterosexual activity in the transmission of hepatitis B and non-A, non-B hepatitis. JAMA 1989, 262, 1201-1205. [CrossRef]
[PubMed]

Mele, A; Stroffolini, T.; Tosti, M.E.; Corona, R.; Santonastasi, F.; Gallo, G.; Ragni, P.; Balocchini, E.; Bernacchia, R.; Moiraghi, A.
Heterosexual transmission of hepatitis C in Italy. J. Med. Virol. 1999, 57, 111-113. [CrossRef]

Jin, E; Dore, G.J.; Matthews, G.; Luhmann, N.; Macdonald, V.; Bajis, S.; Baggaley, R.; Mathers, B.; Verster, A.; Grulich, A.E.
Prevalence and incidence of hepatitis C virus infection in men who have sex with men: A systematic review and meta-analysis.
Lancet Gastroenterol. Hepatol. 2021, 6, 39-56. [CrossRef] [PubMed]

Newsum, A.M.; Matser, A.; Schinkel, J.; van der Valk, M.; Brinkman, K.; van Eeden, A.; Lauw, EN.; Rijnders, B.J.A.; van de Laar,
T.J.W.; van de Kerkhof, M.; et al. Incidence of HCV Reinfection Among HIV-Positive MSM and Its Association With Sexual Risk
Behavior: A Longitudinal Analysis. Clin. Infect. Dis. 2021, 73, 460-467. [CrossRef] [PubMed]

Monin, M.B.; Ingiliz, P.; Lutz, T.; Scholten, S.; Cordes, C.; Martinez-Rebollar, M.; Spinner, C.D.; Nelson, M.; Rausch, M.; Bhagani,
S.; et al. Low Spontaneous Clearance Rates of Recently Acquired Hepatitis C Virus in Human Immunodeficiency Virus-Positive
Men Who Have Sex with Men (PROBE-C Study). Clin. Infect. Dis. 2023, 76, e607—e612. [CrossRef] [PubMed]

Ly, K.N,; Jiles, R.B.; Teshale, E.H.; Foster, M.A.; Pesano, R.L.; Holmberg, S.D. Hepatitis C Virus Infection Among Reproductive-
Aged Women and Children in the United States, 2006 to 2014. Ann. Intern. Med. 2017, 166, 775-782. [CrossRef] [PubMed]
Bhattacharya, D.; Aronsohn, A.; Price, J.; Lo Re, V.; AASLD-IDSA HCV Guidance Panel. Hepatitis C Guidance 2023 Update:
AASLD-IDSA Recommendations for Testing, Managing, and Treating Hepatitis C Virus Infection. Clin. Infect. Dis. 2023,
25, ciad319. [CrossRef] [PubMed]

US Preventive Services Task Force; Owens, D.K.; Davidson, K.W.; Krist, A.H.; Barry, M.].; Cabana, M.; Caughey, A.B.; Donahue,
K.; Doubeni, C.A.; Epling, ].W.,, Jr.; et al. Screening for Hepatitis C Virus Infection in Adolescents and Adults: US Preventive
Services Task Force Recommendation Statement. JAMA 2020, 323, 970-975.

Global Hepatitis Report 2024: Action for Access in Low- and Middle-Income Countries. Available online: https://www.who.int/
publications/i/item /9789240091672 (accessed on 30 June 2024).

Terrault, N.A.; Levy, M.T.; Cheung, K.W.; Jourdain, G. Viral hepatitis and pregnancy. Nat. Rev. Gastroenterol. Hepatol. 2021, 18,
117-130. [CrossRef]

Benova, L.; Mohamoud, Y.A.; Calvert, C.; Abu-Raddad, L.J. Vertical transmission of hepatitis C virus: Systematic review and
meta-analysis. Clin. Infect. Dis. 2014, 59, 765-773. [CrossRef]

Jhaveri, R.; Broder, T.; Bhattacharya, D.; Peters, M.G.; Kim, A.Y.; Jonas, M.M. Universal Screening of Pregnant Women for Hepatitis
C: The Time Is Now. Clin. Infect. Dis. 2018, 67, 1493-1497. [CrossRef]

Epstein, R.L.; Sabharwal, V.; Wachman, E.M.; Saia, K.A.; Vellozzi, C.; Hariri, S.; Linas, B.P. Perinatal Transmission of Hepatitis C
Virus: Defining the Cascade of Care. ]. Pediatr. 2018, 203, 34—40.el. [CrossRef]

AbdAllah, M.; Alboraie, M.; Abdel-Razek, W.; Hassany, M.; Ammar, I.; Kamal, E.; Alalfy, M.; Okasha, A.; El Akel, W.; Shaaban,
E.; et al. Pregnancy outcome of anti-HCV direct-acting antivirals: Real-life data from an Egyptian cohort. Liver Int. 2021, 41,
1494-1497. [CrossRef]

Chappell, C.A.; Scarsi, K.K.; Kirby, B.J.; Suri, V.; Gaggar, A.; Bogen, D.L.; Macio, I.S.; Meyn, L.A_; Bunge, K.E.; Krans, E.E.; et al.
Ledipasvir plus sofosbuvir in pregnant women with hepatitis C virus infection: A phase 1 pharmacokinetic study. Lancet Microbe
2020, 1, e200—e208. [CrossRef]

Ko, Y.C.; Ho, M.S,; Chiang, T.A.; Chang, S.J.; Chang, P.Y. Tattooing as a risk of hepatitis C virus infection. ]. Med. Virol. 1992, 38,
288-291. [CrossRef]

Holsen, D.S.; Harthug, S.; Myrmel, H. Prevalence of antibodies to hepatitis C virus and association with intravenous drug abuse
and tattooing in a national prison in Norway. Eur. J. Clin. Microbiol. Infect. Dis. 1993, 12, 673—676. [CrossRef]

Balasekaran, R.; Bulterys, M.; Jamal, M.M.; Quinn, P.G.; Johnston, D.E.; Skipper, B.; Chaturvedi, S.; Arora, S. A case-control study
of risk factors for sporadic hepatitis C virus infection in the southwestern United States. Am. ]. Gastroenterol. 1999, 94, 1341-1346.
[CrossRef]


https://doi.org/10.1136/bmj.327.7423.1075
https://www.ncbi.nlm.nih.gov/pubmed/14604927
https://doi.org/10.1016/j.jpag.2022.11.002
https://doi.org/10.1111/j.1572-0241.2001.05267.x
https://www.ncbi.nlm.nih.gov/pubmed/11721761
https://doi.org/10.1111/j.1572-0241.2004.04150.x
https://doi.org/10.1002/hep.26164
https://www.ncbi.nlm.nih.gov/pubmed/23175457
https://doi.org/10.1001/jama.1989.03430090063034
https://www.ncbi.nlm.nih.gov/pubmed/2503630
https://doi.org/10.1002/(SICI)1096-9071(199902)57:2%3C111::AID-JMV4%3E3.0.CO;2-C
https://doi.org/10.1016/S2468-1253(20)30303-4
https://www.ncbi.nlm.nih.gov/pubmed/33217341
https://doi.org/10.1093/cid/ciaa645
https://www.ncbi.nlm.nih.gov/pubmed/32459339
https://doi.org/10.1093/cid/ciac680
https://www.ncbi.nlm.nih.gov/pubmed/36004410
https://doi.org/10.7326/M16-2350
https://www.ncbi.nlm.nih.gov/pubmed/28492929
https://doi.org/10.1093/cid/ciad319
https://www.ncbi.nlm.nih.gov/pubmed/37229695
https://www.who.int/publications/i/item/9789240091672
https://www.who.int/publications/i/item/9789240091672
https://doi.org/10.1038/s41575-020-00361-w
https://doi.org/10.1093/cid/ciu447
https://doi.org/10.1093/cid/ciy586
https://doi.org/10.1016/j.jpeds.2018.07.006
https://doi.org/10.1111/liv.14913
https://doi.org/10.1016/S2666-5247(20)30062-8
https://doi.org/10.1002/jmv.1890380411
https://doi.org/10.1007/BF02009378
https://doi.org/10.1111/j.1572-0241.1999.01084.x

Viruses 2024, 16, 1115 18 of 18

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Haley, R.W,; Fischer, R.P. Commercial tattooing as a potentially important source of hepatitis C infection. Clinical epidemiology
of 626 consecutive patients unaware of their hepatitis C serologic status. Medicine 2001, 80, 134-151. [CrossRef]

Mariano, A.; Mele, A.; Tosti, M.E.; Parlato, A.; Gallo, G.; Ragni, P; Zotti, C.; Lopalco, P.; Pompa, M.G.; Graziani, G.; et al. Role of
beauty treatment in the spread of parenterally transmitted hepatitis viruses in Italy. J. Med. Virol. 2004, 74, 216-220. [CrossRef]
Trealar, C.; McCredie, L.; Lloyd, A.R. Acquiring hepatitis C in prison: The social organization of injecting risk. Harm Reduction ].
2015, 12, 10. [CrossRef]

Bari, A.; Athkar, S.; Rahbar, M.H.; Luby, S.P. Risk factors for hepatitis C virus infection in male adults in Rawalpindy-Islamabad,
Pakistan. Trop. Med. Int. Health 2001, 6, 732-738. [CrossRef]

Bashir, H.H.; Kamani, L.; Usman, M.; Kishwar, K. Awareness and safe practices of Hepatitis-B and C prevention and transmission
among workers of women beauty salons. Pak. J. Med. Sci. 2022, 38, 2156-2162. [CrossRef]

Heffernan, A.; Cooke, G.S.; Nayagam, S.; Thursz, M.; Hallett, T.B. Scaling up prevention and treatment towards the elimination of
hepatitis C: A global mathematical model. Lancet 2019, 393, 1319-1329. [CrossRef]

Sonderup, M.W.; Afihene, M.; Ally, R.; Apica, B.; Awuku, Y.; Cunha, L.; Dusheiko, G.; Gogela, N.; Lohoues-Kouacou, M.].; Lam,
P; et al. Hepatitis C in sub-Saharan Africa: The current status and recommendations for achieving elimination by 2030. Lancet
Gastroenterol. Hepatol. 2017, 2, 910-919. [CrossRef]

Pépin, J.; Abou Chakra, C.N.; Pépin, E.; Nault, V.; Valiquette, L. Evolution of the global burden of viral infections from unsafe
medical injections, 2000-2010. PLoS ONE 2014, 9, €99677.

Platt, L.; Minozzi, S.; Reed, J.; Vickerman, P.; Hagan, H.; French, C.; Jordan, A.; Degenhardt, L.; Hope, V.; Hutchinson, S.; et al.
Needle and syringe programmes and opioid substitution therapy for preventing HCV transmission among people who inject
drugs: Findings from a Cochrane Review and meta-analysis. Addiction 2018, 113, 545-563. [CrossRef]

Salazar-Vizcaya, L.; Kouyos, R.D.; Zahnd, C.; Wandeler, G.; Battegay, M.; Darling, K.E.; Bernasconi, E.; Calmy, A.; Vernazza, P,;
Furrer, H.; et al. Hepatitis C virus transmission among human immunodeficiency virus-infected men who have sex with men:
Modeling the effect of behavioral and treatment interventions. Hepatology 2016, 64, 1856-1869. [CrossRef]

Bartholomew, T.S.; Tookes, H.E.; Spencer, E.C.; Feaster, D.]. Application of machine learning algorithms for localized syringe
services program policy implementation—Florida, 2017. Ann. Med. 2022, 54, 2137-2150. [CrossRef]

Campo, D.S.; Gussler, ]JW,; Sue, A.; Skums, P.; Khudyakov, Y. Accurate spatiotemporal mapping of drug overdose deaths by
machine learning of drug-related web-searches. PLoS ONE 2020, 15, e0243622. [CrossRef]

Butaru, A.E.; Mamuleanu, M.; Streba, C.T.; Doica, I.P.; Diculescu, M.M.; Gheonea, D.I.; Oancea, C.N. Resource Management
through Artificial Intelligence in Screening Programs-Key for the Successful Elimination of Hepatitis C. Diagnostics 2022, 12, 346.
[CrossRef] [PubMed]

Reiser, M.; Wiebner, B.; Hirsch, J.; German Liver Foundation. Neural-network analysis of socio-medical data to identify predictors
of undiagnosed hepatitis C virus infections in Germany (DETECT). J. Transl. Med. 2019, 17, 94. [CrossRef] [PubMed]

Lu, M.Y.; Yu, M.L. Correspondence on Letter regarding “Toward hepatitis C virus elimination using artificial intelligence”. Clin.
Mol. Hepatol. 2024, 30, 274-275. [CrossRef] [PubMed]

Global Health Sector Strategy on Viral Hepatitis 2016-2021. towards Ending Viral Hepatitis. Available online: https://www.who.
int/publications/i/item/WHO-HIV-2016.06 (accessed on 20 February 2024).

Page, K.; Melia, M.T.; Veenhuis, R.T.; Winter, M.; Rousseau, K.E.; Massaccesi, G.; Osburn, W.O.; Forman, M.; Thomas, E.; Thornton,
K.; etal. Randomized Trial of a Vaccine Regimen to Prevent Chronic HCV Infection. N. Engl. J. Med. 2021, 384, 541-549. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/00005792-200103000-00006
https://doi.org/10.1002/jmv.20182
https://doi.org/10.1186/s12954-015-0045-2
https://doi.org/10.1046/j.1365-3156.2001.00779.x
https://doi.org/10.12669/pjms.38.8.6166
https://doi.org/10.1016/S0140-6736(18)32277-3
https://doi.org/10.1016/S2468-1253(17)30249-2
https://doi.org/10.1111/add.14012
https://doi.org/10.1002/hep.28769
https://doi.org/10.1080/07853890.2022.2105391
https://doi.org/10.1371/journal.pone.0243622
https://doi.org/10.3390/diagnostics12020346
https://www.ncbi.nlm.nih.gov/pubmed/35204437
https://doi.org/10.1186/s12967-019-1832-4
https://www.ncbi.nlm.nih.gov/pubmed/30890175
https://doi.org/10.3350/cmh.2024.0152
https://www.ncbi.nlm.nih.gov/pubmed/38439190
https://www.who.int/publications/i/item/WHO-HIV-2016.06
https://www.who.int/publications/i/item/WHO-HIV-2016.06
https://doi.org/10.1056/NEJMoa2023345
https://www.ncbi.nlm.nih.gov/pubmed/33567193

	Introduction 
	Prevalence 
	Widespread HCV Infection in the Second Half of the 20th Century 
	Prevalence by Age 
	Prevalence by Sex 

	Modes of Transmissions 
	Blood and Blood-Derived Transfusion 
	Injection Drug Use 
	Iatrogenic Transmission 
	Sexual Transmission 
	Perinatal Transmission 
	Body Grooming and Modification 
	Attempts to Eliminate HCV Infection 

	Conclusions 
	References

