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Abstract

Hepatitis C virus (HCV) affects 71 million people worldwide. The development of reliable diagnostic tools in the last 2 decades and
recent implementation of highly potent and safe antiviral drug combinations have paved the way to potential elimination of HCV
as a public health threat by 2030. This article briefly discusses current and upcoming solutions for simplification of HCV testing
taking into account the most recent guidance documents issued by major professional societies. The general consensus is that all
patients with suspected HCV infection should be tested for anti-HCV antibodies as a first-line diagnostic test. Some anti-HCV rapid
diagnostic tests have already attained the performance of standard anti-HCV enzyme immunoassays. If anti-HCV antibodies are
detected, the presence of HCV RNA or HCV core antigen should be determined to identify patients with ongoing infection. Several
innovative devices for detecting HCV in serum or plasma are in the late stages of development and are based on loop-mediated
isothermal amplification, smartphone-operated instruments, biosensors, lab-on-a-chip solutions, paper-based microfluidics, and
CRISPR-Cas. An important solution for low- and middle-income countries is the availability of HCV tests that could perform equally
reliably from whole blood and dried blood spots as well as from serum or plasma. Another interesting diagnostic concept for these
countries is near-to-patient diagnostics using mobile microbiological laboratories, following either the lab-on-a-drone or rent-a-
point-of-care-test concepts. Using current and upcoming diagnostic approaches, the elimination of HCV is plausible, but in several
countries this is probably not possible within the timeframe suggested by the World Health Organization. Two different elimination
approaches have already been successfully tested in real-life conditions: micro-elimination and macro-elimination. The micro-
elimination approach has resulted in successful elimination in specific population subgroups in some high-income countries. In
at least two countries, Georgia and Egypt, a macro-elimination approach has shown impressive real-life results relatively quickly.
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Introduction

Chronic infection with hepatitis C virus (HCV) affects 71 million
people worldwide and accounts for 9.7 million disability-adjusted
life years annually (1, 2). Global mortality related to its complica-
tions (cirrhosis, liver failure, and hepatocellular carcinoma) is es-
timated at 580,000 person per year (1, 2). Although initially only
rarely connected with sexual transmission, recent evidence of
HCV outbreaks in Europe, the United States, and Australia among
men who have sex with men (MSM) who denied injecting drugs
clearly showed that HCV should be considered an emerging sexu-
ally transmissible agent (3). In addition, the high reinfection rates
among MSM who cleared HCV infection spontaneously or who
were successfully treated further underline the importance of sex-
ual behavior in HCV transmission (3).

The development of reliable virological diagnostic and moni-
toring tools in the last 2 decades and the recent implementation
of highly potent, safe, well-tolerated direct-acting antiviral (DAA)
drug combinations with a high barrier to resistance have paved the
way to potential elimination of HCV as a public health threat by
2030 (4). Although HCV elimination can now be envisaged in sev-
eral countries, HCV remains a global public health concern. Many
parts of the world are lacking political will and advocacy, econom-
ic support, or adequate implementation infrastructure and are in
urgent need of simplified screening, diagnosis, linkage to care,
treatment, and monitoring procedures to achieve this ambitious
elimination goal (5, 6). To eliminate HCV globally, we desperately
need creative solutions throughout the complete cascade of care.
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This narrative review briefly discusses current and upcoming
solutions for simplification of HCV testing, taking into account the
most recent guidance documents issued by the European Associa-
tion for the Study of the Liver (EASL) (7), the American Association
for the Study of Liver Diseases (AASLD) jointly with the Infectious
Diseases Society of America (IDSA) (8), and the World Health Or-
ganization (WHO) (4).

How to screen for HCV infection

There is a general consensus that all patients with suspected HCV
infection should be tested for anti-HCV antibodies in serum or
plasma as a first-line diagnostic test (7, 8). Highly standardized,
reliable, and rapid anti-HCV enzyme immunoassays performed
on automated analyzers with random access modality are the
standard of care in many countries. However, in many parts of the
world more simplified screening approaches are needed, such as
affordable rapid diagnostic tests (RDTs) using serum, plasma, fin-
gerstick whole blood, or crevicular fluid (saliva) as matrices that
can be used instead of standard enzyme immunoassays at the pa-
tient’s care site to facilitate screening and improve access to care
(7). An ideal RDT must meet the WHO “ASSURED?” criteria (9), and
it must be easy to use with minimal training. Some anti-HCV RDT
tests have already attained the performance level of standard en-
zyme immunoassays (10); for more details, see recent reviews and
a meta-analysis on the topic (11, 12). Good examples of important
recent technical achievements in the field are the development of
RDT for simultaneous detection of hepatitis A, B, and C viruses (13)
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and the development of a simple paper-based device allowing
separation of plasma from whole blood without the use of cen-
trifugation (14).

In addition to anti-HCV, screening for HCV RNA in serum or
plasma is now inevitable in transfusion settings, and HCV RNA
testing should be part of the initial evaluation in cases of suspect-
ed acute hepatitis C, in immunocompromised patients, and in pa-
tients on hemodialysis (7). In some screening settings where a lab-
oratory mainly serves high-risk populations such as intravenous
drug users, 24-mini-pool HCV RNA screening of anti-HCV negative
samples has been shown to be valuable and cost-effective (15, 16).

How to proceed after anti-HCV positivity

If anti-HCV antibodies are detected, the presence of HCV RNA in
serum or plasma should be determined to identify patients with
ongoing infection, preferably using a sensitive molecular method
with a lower limit of detection (< 15 IU/ml) and following the reflex
testing approach to increase linkage to care (7). Highly standard-
ized and reliable HCV RNA assays performed on fully automated
sample-to-result fashion analyzers with sample number flexibil-
ity and the ability to perform multiple tests concordantly are now
becoming the standard of care in many countries, replacing older
batch-based testing platforms. Alternatively, smaller and portable
molecular devices such as GeneXpert (Cepheid, Sunnyvale, CA)
(17-19) or Genedrive (Genedrive Diagnostics, Manchester, UK) can
be used for reliable, highly sensitive, and rapid detection of HCV
RNA (11, 20). In addition, there are several commercial portable
molecular devices in the launching stage or late stage of develop-
ment, and some of them are even suitable for use in extreme en-
vironmental conditions (20, 21). The goal with portable molecular
instruments is to have a self-contained, fully integrated, sample-
to-report device that accepts raw, untreated specimens (preferably
whole blood), performs all of the molecular steps, and provides
interpreted test results in less than an hour.

However, all these solutions are not easily affordable for low-
and middle-income countries (LMIC), and so new molecular as-
says that facilitate easy and inexpensive access and linkage to care
are desperately needed. In 2018, EASL recommended the use of
qualitative, not necessarily quantitative, HCV RNA assays with a
limit of detection < 1,000 IU/ml (3.0 log IU/ml) (7). In the settings
where these assays will be used, the exceptionally low risk of a
false-negative result in a small percentage of infected individuals
(22) is outweighed by the benefit of scaling up access to diagno-
sis and care (11, 23). Namely, a recent study performed on a global
dataset showed that a test with a limit of detection of 1,318 IU/ml
would identify 97% of viremic HCV infections among almost all
populations (24). Such future assays with lower but acceptable
sensitivity and based on already existing molecular device pro-
totypes will use instruments based on loop-mediated isothermal
amplification (LAMP) technology (25, 26), smartphone-operated
instruments (26), biosensors (27), lab-on-a chip solutions (28), pa-
per-based microfluidics solutions (29, 30), CRISPR-Cas (31, 32), and
even wearable devices (33). All these technical solutions should
have a low frequency of invalid results and an affordable price.
Among all technical solutions, those based on smartphones are
most appealing because about 80% of the world population uses
smartphones as of 2020, offering an ideal interface for different
portable medical instruments.

Although available for almost two decades (34), and despite
strong supporting scientific evidence (22—24, 35), as well as guide-
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line recommendations (7), detection of HCV core antigen in serum
or plasma in settings where HCV RNA assays are not available and/
or not affordable to identify patients with ongoing infection is still
slowly making its way into wider implementation. One of the main
reasons is marginally lower analytical sensitivity of HCV core an-
tigen detection in comparison to conventional HCV RNA assays.
However, as already mentioned in real-life cohorts, the prevalence
of low HCV viremia in untreated individuals is below 5%, and so
the benefits of the HCV core antigen assay as a rapid, low-cost,
and potential point-of-care test in population-based screening still
outweigh the risk of a small number of false negatives in a subset
of patients (23). A recent study showed that a great majority of pa-
tients with low viremia are patients with cirrhosis and excessive
alcohol use, allowing stratified testing with HCV core antigen or
HCV RNA to reliably identify patients with ongoing infection (22).

Alternative specimen types and alternative transport of
samples and point-of-care devices

An important solution for LMICs is the availability of HCV diag-
nostic tests that can perform equally reliably from whole blood
and dried blood spots (DBSs) as well as from serum or plasma
(7). The main advantage of DBSs is to allow storage of desiccated
blood that can be easily transported to reference centers, where
state-of-the-art serological and molecular tests are available (11).
Although standardization and better automation of DBS handling
are needed, recent systematic reviews and meta-analyses showed
only marginally inferior performance of anti-HCV testing, HCV
RNA testing, and HCV genotype determination from DBSs in com-
parison to plasma or serum, with the exception of HCV core anti-
gen testing (11, 36-39).

Alternatively, whole blood samples can be rapidly and easily
transported to reference centers in LMICs using drones. In the
last decade, the use of drones has gradually spread into various
healthcare settings (40). Rwanda and Tanzania recently launched
a large delivery network with more than 1,000 health facilities
connected by drones parachuting blood, vaccines, and malaria
and HIV/AIDS drugs (40). Specimen transport by drones between
several hospitals and a central laboratory has been routinely used
in Lugano (Switzerland) and in Antwerp (Belgium) since 2018 and
2019, respectively (40).

Another interesting concept for LMICs is near-to-patient or
point-of-care (POC) diagnostics using mobile microbiological lab-
oratories. This can be achieved following the lab-on-a-drone (41)
or rent-a-POC-test concepts (40). In the lab-on-a-drone prototype,
an innovative and robust sample preparation device coupled
with an isothermal amplification instrument and smartphone
for measuring readouts and recording results are all attached to
a quadcopter drone (41). In addition, the drone’s propellers are
removable and replaceable with locally 3D-printed centrifuge ro-
tors of different shapes, capable of speeds up to 10,000 rpm and
performing column-based extraction of high-quality RNA/DNA
(40). The recently proposed rent-a-POC-test concept (40) follows
the principle of a drone network pilot program built to deliver au-
tomated external defibrillators (42). The rent-a-POC-test concept
is based on a central microbiology laboratory responsible for vali-
dation, calibration, and maintenance of POC instruments, their
delivery, and quality control. Drones can be deployed to deliver
on-demand portable POC instruments and test reagents to remote
healthcare facilities, eliminating the need for local storage of in-
struments or tests and associated maintenance costs (40). In an
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HCV elimination scenario, one could imagine drones loaded not
only with portable POC instruments able to detect HCV viremic
patients but also with prepacked DAAs for 8 to 12 weeks’ treat-
ment allowing an HCV test-and-treat strategy to be implemented
in the most remote parts of the world.

Is large-scale screening for HCV infection achievable?

Using the diagnostic approaches described above, I strongly be-
lieve that large-scale elimination of HCV is plausible, but in sev-
eral countries this is probably not possible within the timeframe
suggested by the WHO. Two different elimination approaches
have already been successfully tested in real-life conditions: “mi-
cro-elimination” and “macro-elimination” (6).

The majority of high-income countries, including Slovenia, re-
cently launched a micro-elimination strategy as a first step toward
universal national elimination. This practical and comprehensive
concept, which breaks down national goals into smaller goals,
uses a population segmentation approach in order to tailor con-
centrated elimination efforts to specific population subgroups;
for example, individuals with HIV, patients with hemophilia,
B-thalassemia major, decompensated cirrhosis, or organ trans-
plantation, patients treated with hemodialysis, (ever) injection
drug users, MSM, migrants from high endemic countries, health-
care workers, and prisoners (43). Micro-elimination, by way of
targeting smaller and clearly delineated HCV risk groups, allows
faster and more efficient delivery of interventions. For this reason,
micro-elimination as a “bottom-up” approach may be a more fea-
sible and efficient path to nationwide HCV elimination in some
settings (43).

In contrast to micro-elimination strategies, the macro-elimina-
tion approach does not focus on a specific group(s) but is instead
directed toward the entire population of a country or a large seg-
ment of it (6). Macro-elimination is initiated with either a mass-
screening program of the entire population or a cohort screening
of a segment of the population with a historically high prevalence
of HCV infection (6). In at least two countries, Georgia and Egypt,
a macro-elimination approach has shown impressive real-life re-
sults relatively quickly (44—47).

Georgia, with a high prevalence of HCV infection, launched
the world’s first national hepatitis C elimination program in April
2015 (46). A key strategy was identifying, treating, and curing the
estimated 150,000 HCV-infected people living in the country. As of
the end of 2018, more than one million adults (40% of the adult
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