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1. History of Viral Hepatitis and Blood Safety

Viral hepatitis is a major public health problem. It is
estimated that globally 350 - 400 and 140 - 170 million peo-
ple are carrier of the hepatitis B and hepatitis C virus, re-
spectively (1), which both account for 1.4 million deaths per
year (2). The history of blood safety and blood screening
has been closely related with the discovery of viral hep-
atitis. Hepatitis B virus (HBV) was identified in human
blood (3) in the late 1960s and shortly after its discovery,
related blood screening assays were introduced (4). This
close association between blood safety and viral hepati-
tis got even stronger with the identification of the hep-
atitis C virus (HCV) in 1983 as a blood borne hepatotropic
pathogen (5). The implementation of rigorous policies in
blood donor selection and screening techniques, such as
enzyme immunoassays (EIA) and nucleic acid amplifica-
tion tests (NAT), have steadily decreased the risk of trans-
mitting hepatitis viruses. Still, the majority of post trans-
fusion infections are attributed to these pathogens (6-8).
In addition, there is no universal method available to in-
activate non-enveloped human hepatitis viruses like HAV
and HEV in different blood derived-products (9, 10). Since
a considerable number of transfused patients is immuno-
compromised and more vulnerable to these pathogens, vi-
ral hepatitis poses a significant threat to blood safety from
a public health perspective (11). Moreover, mass migration,
urbanization, human mobility and contact, increasing an-
imal trades, and vector expansion due to climate change
have allowed infectious agents, including hepatitis viruses
(reservoirs), to pass the traditional endemic boundaries
and disperse globally (11). Furthermore, in war-affected
and unsafe geographical regions access to proper health
services, like blood screening or healthy drink water, is re-
stricted and might fuel a possible viral hepatitis outbreak

(12, 13). All these factors are crucial hurdles to the global
elimination program of viral hepatitis by 2030 adopted by
the world health assembly in 2016 (14). In this ambitious
program, blood safety has been assigned as one of the key
interventions, which demands the implementation of a
new set of update methods and techniques in the surveil-
lance of hepatitis causing viruses.

2. What Is Our Expectation?

Conventional techniques used in blood screening have
several limitations. New methodologies should solve the
bottlenecks of traditional methods and have a wide appli-
cation potential. For instance, new assays should be sen-
sitive enough to reduce the ‘window period’ of pathogens
and favor the detection of blood borne viruses shortly af-
ter exposure and entering the blood stream (15). Also, new
methods should allow the identification of viruses or viral
components present in low amounts in the blood or blood
derived products. This would be a crucial aspect, since the
infectious dose of HBV is only 10 copy numbers per ml (16).
Innovative screening methods should also be able to de-
tect different variants or quasispecies of viruses (like HBV)
that are capable of escaping from diagnostic tests, vaccine,
or therapeutic measures. In this way, it is supposed that
these assays efficiently detect all genotype/subgenotypes
of hepatitis viruses (17, 18). Moreover, detecting viruses
causing hepatitis in different clinical manifestations like
the viremic phase, inactive or active chronicity, overt or oc-
cult infection, and intra or extracellular phase of viral life
cycles could be a significant improvement of new methods
compared to traditional assays. Furthermore, implement-
ing novel methodologies should augment blood safety by
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identifying unknown infectious agents that may have hep-
atotropic impacts (11).

After a long period of using different generations of
enzyme-linked immunosorbent assays (ELISAs) in blood
screening units, NAT improved blood safety screening and
partially addressed the abovementioned characteristics
(19, 20). However, before reaching an optimized tech-
nique for screening practice, a difficult journey was still
lying ahead. Fortunately, during the last decade with the
development of high-throughput sequencing (HTS), and
more specifically next generation sequencing (NGS), the
required features have been assembled in a single plat-
form. This promising approach is paving a new path for
improving clinical diagnostics and blood safety.

By means of HTS, scientists have succeeded in char-
acterizing microbial communities present in different bi-
ological samples. In contrast with conventional assays,
this non-targeted approach provides access to all nucleic
acids present in clinical specimens, like human blood,
urine, stool, etc. The identification of unexpected infec-
tious agents, for example in illnesses with unknown eti-
ology, or the detection of novel variants of known viruses
have marked the huge potential of this technique in the
clinical diagnostic setting. This technique can rapidly se-
quence all viral nucleic acids (DNA and RNA), catalog the
viral genes, and monitor viral populations as well as their
diversity in blood. The collection of these viral popula-
tions is also known as the human virome. The strength of
this method has convinced the national institute of health
(NIH) to establish a task force of the heart, lung, and blood
institute that prioritized human virome studies (11, 21).

Consequently, HTS has now been adopted as a useful
strategy to identify and characterize known and unknown
viruses in the blood virome, which could potentially com-
promise blood transfusion safety (22). By employing this
innovative technology, several emerging pathogens have
been identified (11). However, it is estimated that more
than 320,000 undiscovered mammalian viruses, with the
potential of being blood-transmissible, still need to be dis-
covered (23).

3. NewMethodology andNew Challenges

New technologies often come with some drawbacks or
pitfalls, and HTS is no exception. HTS is a non-targeted and
random amplification based-approach. For example, the
detection of hepatitis causing viruses in cases of low copy
numbers (in non-viremic phase of chronicity) is highly
challenging due to a considerable amount of host and en-
vironmental nucleic acids. However, viral nucleic acids
enrichment techniques such as ultracentrifugation, filtra-
tion, and nuclease treatment have proven to be helpful

strategies. Also, increasing sequencing depth could suc-
cessfully reduce host background interference and maxi-
mize viral nucleic acid detection (24, 25). Regarding these
pretreatments, VirCapSeq-VERT and Illumina platforms,
among the available platforms of HTS, seem to provide
enough sensitivity to detect low viral copy numbers in hu-
man plasma/serum samples (26). Due to high sensitiv-
ity and non-specificity of HTS, biological contamination
with environmental nucleic acids can occur in the differ-
ent steps of sample preparation and library construction.
However, various strategies can be addressed to reduce the
influence of contaminating agents, such as the use of nega-
tive controls during the different stages of sample process-
ing (27).

4. Current Achievements

Day by day, more evidence supports the high potential
of HTS in the field of blood safety. Identification and char-
acterization of all viral communities present in the blood
is an intriguing accomplishment of HTS. This challenging
approach plays a crucial role in surveillance and detection
of viruses that threaten the health of blood recipients. For
example, in recent studies, HTS is frequently used to eval-
uate the safety of blood-derived components, like fresh
pools of frozen plasma (FFP), red blood cell (RBC) units (28),
and individual blood donors (29). Also, the use of HTS in
human plasma virome studies of blood recipients has led
to the discovery of a novel type of human pegivirus (HPgV)
(formerly known as GB virus C, (GBV-C)) that shares some
viral features with HCV (30, 31). Moreover, this method was
employed to identify novel rhabdoviruses in human blood
(32). In other instances, HTS has successfully fulfilled a key
role in the discovery of novel blood borne viruses such
as the Giant Blood Marseille (GBM) virus in healthy blood
donors and multiple transfused patients (33) and the Ge-
mycircular virus (GemyC1c) in HIV positive blood donors
(34). Finally, this technology provides an opportunity to
characterize the diversity of quasispecies of HBV and HCV
in blood at different clinical complications as well (35-38).

5. Conclusion

The elimination of viral hepatitis is achievable when
the most updated strategies and tools will be applied
in blood safety. HTS, as the most recent technology, is
a promising and suitable tool in viral surveillance and
screening of blood products for blood borne pathogens
such as hepatitis viruses. Beyond viral surveillance and dis-
covery, HTS is enabling researchers in creating a clear im-
age of the genome diversities of hepatitis virus in carriers,
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especially in high prevalent regions. Implementing this
technique in the blood safety setting would be a great op-
portunity to establish state-of-the-art preventive measures
and to tackle global viral hepatitis burden in the near fu-
ture.
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