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Abstract: Emerging viral infectious diseases have been a constant threat to global public health in
recent times. In managing these diseases, molecular diagnostics has played a critical role. Molec-
ular diagnostics involves the use of various technologies to detect the genetic material of various
pathogens, including viruses, in clinical samples. One of the most commonly used molecular diag-
nostics technologies for detecting viruses is polymerase chain reaction (PCR). PCR amplifies specific
regions of the viral genetic material in a sample, making it easier to detect and identify viruses. PCR is
particularly useful for detecting viruses that are present in low concentrations in clinical samples, such
as blood or saliva. Another technology that is becoming increasingly popular for viral diagnostics
is next-generation sequencing (NGS). NGS can sequence the entire genome of a virus present in a
clinical sample, providing a wealth of information about the virus, including its genetic makeup,
virulence factors, and potential to cause an outbreak. NGS can also help identify mutations and
discover new pathogens that could affect the efficacy of antiviral drugs and vaccines. In addition to
PCR and NGS, there are other molecular diagnostics technologies that are being developed to manage
emerging viral infectious diseases. One of these is CRISPR-Cas, a genome editing technology that can
be used to detect and cut specific regions of viral genetic material. CRISPR-Cas can be used to develop
highly specific and sensitive viral diagnostic tests, as well as to develop new antiviral therapies. In
conclusion, molecular diagnostics tools are critical for managing emerging viral infectious diseases.
PCR and NGS are currently the most commonly used technologies for viral diagnostics, but new
technologies such as CRISPR-Cas are emerging. These technologies can help identify viral outbreaks
early, track the spread of viruses, and develop effective antiviral therapies and vaccines.
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1. Introduction

Molecular diagnostic methods for viral infectious diseases have been developing
rapidly in recent times. The primary aim of nucleic acid tests (NATs) is to offer rapid
results in order to provide quality healthcare at an affordable price [1]. Empirical data and
modeling studies have supported a better understanding of and led to improvements in the
detection rate of viral diseases, causing reductions in hospitalizations and antibiotic use [2].
Polymerase chain reaction (PCR), real-time PCR (RT-PCR), nucleic acid sequence-based
amplification (NASBA), etc., have been used in the laboratory diagnosis of viruses and for
genotyping and quantitative testing. Amplification methods have the advantages of high
sensitivity and repeatability [3-5]. There are many qualitative and quantitative molecular
diagnostic methods based on PCR [6,7]. The NASBA method allows for the detection of an
active infection by detecting the viral RNA genome and viral messenger RNA (mRNA), but
RT-PCR techniques are still the most commonly used tests for diagnosing viral diseases [8].

Today, many molecular diagnostic methods have been replaced by automatic devices
that can work with smaller liquid amounts in shorter times and provide high-sensitivity
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monitorable results. Automated systems have some advantages, including lower contami-
nation risk, reduced diagnostic time, enhanced performance and speed, lower microbial
load detection, and lower costs [9]. In this review, we discuss the current and emerging
molecular diagnostic methods used in the treatment of viral diseases.

2. Current Molecular Methods for the Identification of Viral Infections

Molecular techniques for the identification of viruses are mainly nucleic acid-based
tests (NATs). These are multi-step methods in which the pathogenic nucleic acid is first
purified by extraction from biological samples such as blood, urine, and saliva and then
analyzed by PCR. The catalytic effect of the polymerase enzyme and the amplification
of specific genetic sequences of a single microorganism are carried out through thermal
cycling. To date, the PCR reaction has been extensively studied and optimized for the
development of RT-PCR, which allows for the quantitation of amplified genetic sequences
to be detected quantitatively using a fluorescent label [10]. Although NATs are frequently
used in the diagnosis of infectious diseases, due to the time, cost, and effort involved and
the need for expensive machines, they have begun to be replaced by time-saving, portable,
and more integrated technologies named point of care (POC). This was particularly true
during the COVID-19 pandemic [11].

2.1. Real-Time Quantitative Polymerase Chain Reaction (RT-qPCR)

RT-qPCR measures the amount of target amplicon during the reaction. This mea-
surement is simplified by DNA intercalation dyes or fluorescently labeled probes. To
use these dyes, primers must be highly optimized and not generate non-specific ampli-
cons. Fluorescently labeled probes (e.g., hydrolysis or hybridization probes) are target-
specific sequences [12]. The level of fluorescence in the PCR sample is monitored and
compared with the primary concentration of the target in the specimen, hence providing
quick quantification.

RT-gPCR has both advantages and disadvantages regarding the development of rapid
diagnostic methods in the management of viral diseases. Promising high specificity is
an advantage when using probes such as hydrolysis or hybridization probes since the
primers and probe must connect the target sequence to obtain the signal. In the case
of time constraints, while the qPCR method gives a relatively fast result, the sample
preparation required in the preparation phase can be a retarding factor. While there are
several commercially available kits that offer a simpler and quicker process of isolation of
DNA or RNA, they come at a higher price [13]. Consequently, in relation to the initial cost
of qPCR materials, the newly available kits can present challenges for developing countries
where these methods are beginning to be incorporated into routine operations.

2.2. Loop-Mediated Isothermal Amplification (LAMP)

This is based on automated loop strand substitution DNA synthesis, which is carried
out at 60-65 °C for 45-60 min in the presence of LAMP, Bst DNA polymerase, dNTPs,
specific primers, and the target DNA [14]. The LAMP method utilizes a DNA polymerase
with high helical displacement activity and four specially constructed primers (internal and
external) that recognize six different sequences in the target DNA. One of the inner primers
initiates the LAMP reaction, while the other is used for self-priming in later steps. The
LAMP amplification reaction consists of three stages: (i) production of the starting material,
(ii) amplification and elongation cycle, and (iii) recycling. The target amplicon gains high
specificity thanks to the recognition of six distinct sequences at the start of LAMP and the
recognition of four sequences at later stages. Four primers are used simultaneously to
initiate DNA synthesis from the original DNA to form a stem-loop DNA for the next LAMP
cycle where the target is recognized by the four sequences. Thus, its target selectivity is
expected to be greater compared to PCR [15].
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The existing evidence has shown that different LAMP assays are on average up to
100 times more sensitive than conventional RT-PCR methods for detecting SARS-CoV-2
RNA in patient samples [16-18]. (Table 1). However, it also has disadvantages as it prevents
the addition of an internal PCR inhibition control that requires replication during testing.
The method is also complex and requires a complex primer design system that can limit
the selection or specificity of target sites [19].

Table 1. Summary of molecular techniques used in the diagnosis of viruses [9,20—-40].

. . Sensitivity and Specificity of
Method Viral Diseases the Method
PCR, Many viruses Sensitivity 77.8-100%, specificity 89-100%
RT-PCR RINA viruses Sensitivity 73-100%, specificity 99-100%
Nested PCR, Herpesviruses, HBV, e o e s o
- Nested RT-PCR EEE, WEE Sensitivity 93.5%, specificity 100%
Target Amplification
Techniques LAMP Adenovirus, CMV Sensitivity 95.0-97.7%, specificity
’ 92.6-99.3%
HDA HIV-1, HSV-1, HSV-2 Sensitivity 100%, specificity 96.3%
NASBA HIV, CMV, RSV Sensitivity 90.5%, specificity 95.2-100%
Sensitivity 90-99.5%, specificity
LCR HIV 97.6-100%
Cyclic probe technology VZV, HCV Sensitivity 92.0%, specificity 75.0%
o Cleavase-invader HCV, HPV Sensitivity 96.5-98.4%, specificity 99.7%
Probe Amplification technology
Techniques Hibrit capture HBV, CMV Sensitivity 73.7%, specificity 92.05%
Branched DNA technique HBV, HCV, CMV Sensitivity 95%, specificity 95%
Tyraml.d.e 51.gna1 HPV, HSV .
amplification
Sequencing Sanger sequencing Many viruses -
Techniques Next-generation sequencing Many viruses -
. HIV, HBV, Ebola virus, e o e o
Biosensors ZIKV, SARS-CoV-2 Sensitivity 100%, specificity 100%
Other Techniques
Microarray HCV, HPV, HIV, HSV Sensitivity 87-90%, specificity > 99%
Microfluid systems HIV, ZIKV, HBV Sensitivity 83%, specificity 100%
Nanopore sequencing SARS-CoV-2 Sensitivity 94.5%, specificity 91.6%
LamPORE technology ~ Influenza, RSV, SARS-Cov-2  Sensitivity 99.96-100.0%, specificity
99.28-99.50%
New Methods

CRISPR-Cas technology ZIKV, DENV, HPV Sensitivity 88-96%, specificity 100%

Multiplexed

Microsphere-based array HIV, HCV, HSV Sensitivity 91.2%, specificity of 99.7%

CMV: cytomegalovirus; EEE: eastern equine encephalitis; HBV: hepatit B virtisti; HCV: hepatitis C Virus; HIV:
human immunodeficiency virus; HSV: herpes simplex virus; LAMP: loop-mediated isothermal amplification;
LCR: ligaz chain reaction; NASBA: nucleic acid sequence-based amplification; WEE: western equine encephalitis;
PCR: polimeraz zincir reaksiyonu; RT-PCR: reverse transcriptase PCR; SARS-CoV-2: severe acute respiratory
syndrome virus-2; HDA: helicase-dependent amplification; RSV: respiratory syncytial virus; VZV: varicella zoster
virus; ZIKV: zika virus; DENV: dengue virus; HPV: human papillomavirus.
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2.3. Fluorescent In Situ Hybridization (FISH)

FISH is a type of molecular cytogenetic technique that uses fluorescent probes that
bind to chromosome fragments to provide a high degree of complementarity in a nucleotide
sequence. Fluorescence microscopy is used to determine where on the chromosome the
fluorescently labeled probe binds [41]. The implementation of FISH for the detection
and identification of viral pathogens has advanced significantly since the turn of the 21st
century [42]. The method has been applied to investigate the localization of viral nucleic
acids in tissues and organs infected with viruses such as SARS-CoV-2 and HIV and to
identify viruses [43-46]. (Table 1).

2.4. Sequencing Methods

In nucleotide sequencing methods, the nucleotide sequence in a piece of DNA is
determined. The sequencing of the virus genome is most widely done by the dideoxy-
chain termination method, also known as “Sanger Sequencing”. This method must con-
tain a single-stranded DNA sequence, DNA primer, DNA polymerase, deoxynucleoside
triphosphates (dNTPs), and dideoxynucleotides triphosphates (ddNTPs). The viral nu-
cleic acid is split into four reactions, adding one of the four dideoxynucleotides (ddNTPs;
ddATP/GTP/CTP/TTP). ddNTPs are used to terminate the elongation of the DNA chain.
ddNTPs are similar in chemical structure to dNTPs but lack the 3’-OH group required for
a phosphodiester bonding to form between the two nucleotides, which stops DNA poly-
merase from elongating when a ddNTP is added. The DNA of the virus to be sequenced is
denatured into single strands by heat, and a primer is tied to one of the template sequences.
Primers or nucleotides are labeled as radioactive or fluorescent. The key point of this
technique is that all reactions start from the identical nucleotide and finish with a specific
nucleotide. An automatic sequencing method has been developed to speed up the sequenc-
ing process and increase detection sensitivity. In this technique, the reactions are performed
in a tube with four ddNTPs marked with different colors in the form of fluorescents of
various wavelengths [47]. DNA sequencers divide nucleotide strands according to their
size by capillary electrophoresis. Because the four dyes radiate at various wavelengths, the
identification of the bands is read according to the wavelength at which they fluoresce. The
outcomes are then presented as a chromatogram. The most widely used method for the
whole-genome sequencing of RNA viruses is to design whole-genome spanning amplicons
and amplify target regions by RT-PCR [48].

Next-generation sequencing (NGS) methods are high-speed and efficient techniques
to analyze large volumes of nucleotide sequences at once. The major advantages of NGS
platforms are the ability to both detect the nucleotide sequence from single DNA fragments
of a large sequence and eliminate the need to clone vectors before sequence detection. NGS
platforms can be applied in different areas in many clinical and research laboratories for
reasons such as reducing costs, enabling the diagnosis of viral infectious diseases and
molecular epidemiology of etiological pathogens, being compatible with drug resistance
tests, etc, they can be applied in many clinical and research laboratories in various fields.
NGS platforms are used for various purposes in clinical virology laboratories Figure 1:

1. The identification of new viral pathogens

Some studies conducted for this purpose are as follows:

e  The identification of viruses that cause a severe febrile illness of unknown origin
(febrile hemorrhagic sepsis) by a metagenomic method [49];
e The discovery of the new Merkel Cell polyomavirus, the causative agent of Merkel
cell carcinoma, etc. [50].
With the application of shotgun sequencing techniques in metagenomic studies, novel
viruses can be discovered, including both pathogenic and non-pathogenic commensal viruses.
2. Ultra-deep targeted sequencing for viral community analyses
A few examples of studies conducted using this method are listed below:

e  The genotyping of viruses such as HPV [51];
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The identification of HCV and HIV quasispecies [52];

HIV, HCV, and HBV drug resistance detection, etc. [52].

3. The analysis of interactions between virus and host

The development of knowledge of the pathogenesis of viral diseases can help identify
beneficial diagnostic and prognostic indicators for viral diseases, determine potential
targets for antiviral drugs, and develop new vaccines. Examples of the contributions of
NGS methods to virus-host interaction and pathogenesis research are as follows:

e  The identification of novel viral genes and transcript isoforms during EBV and CMV

infection using RNA sequencing [53,54];

e Identification of host-virus interactions in EBV infection [55].

4. Metagenomic analysis of the human virome

The compounds of the human virome in both normal and illness states remain largely
unexplored, although they can be deciphered using NGS methods. In this context, NGS
can greatly benefit our understanding of the complex interaction between virus-host. To

this end, it can assist us with the following;:
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Figure 1. Flow chart used in the management of viral diseases: 1. An approach for the identification
of known viruses; 2. The evaluation of virus populations for the detection of emerging viruses;
3. Appropriate techniques for viral disease prognosis monitoring and drug resistance.

Influenza phylogenesis [56];
The study of HIV evolution and spread [57];
Molecular epidemiology and the surveillance of viruses such as arboviruses [58];
The detection of mutations [59];

The determination of suitability for antiviral treatments in the HIV and HCV genome [60];
The monitoring of variants and viral vaccine efficacy that escape host neutralization of
HIV, etc. [61] (Figure 2).
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Figure 2. Purposes of use of NGS platforms in clinical virology laboratories.

3. New Molecular Methods in the Diagnosis of Viral Infections

Currently, antigen-antibody-based methods and nucleic acid amplification-based
methods are frequently used in the diagnosis of infectious diseases. Classical PCR methods
are developed with the aim of increasing specificity and sensitivity, reducing costs, and
increasing the speed of results; yet, new diagnostic methods are emerging. With the
development of sequencing techniques, these methods have started to be used more in
clinical microbiology laboratories. In addition to the detection of host biomarkers, omics
approaches developed for the analysis of processes related to pathogen-host interactions
are promising in the management of viral diseases.

Although it is said that molecular and antibody-dependent methods will dominate
the diagnosis of viral diseases, the usage of these methods should be complemented by
combining them with technologies such as NGS platforms [40]. NGS is used to sequence
DNA and RNA nucleotide sequences and can be used to distinguish the host nucleic acid
sequence from the sequences of viruses [62]. Thus, the powerful method has advantages for
diagnosing viruses and will be useful in cases where the etiologic agent cannot be identified.
While molecular, immune, and cell culture techniques can be used to detect previously
unidentified pathogens in an investigational “elimination process” approach, NGS offers
a time-efficient method to deliver the same results [63]. Therefore, while other recently
used methods may be faster in diagnosing known viruses, NGS may shorten the diagnostic
time for new or unexpected viral pathogens. NGS application examples, which enable the
diagnosis of a previously unknown virus or identify unexpected viruses in specimens, have
been reported in the literature. NGS can also be used in the emergency diagnosis of viruses
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and to monitor the status of specific viral diseases in a population for which diagnostic
tests are not available to identify the virus [64-66]. In addition, in the fight against vectors
for the diagnosis and control of possible new pandemics, organisms such as mosquitoes
and bats can be passively sampled and tests can be always used to allow for the monitoring
of virus prevalence in a host community [67,68].

However, while NGS is an up-and-coming technology for the diagnosis of existing
viral diseases and the identification of new viruses, it entails some difficulties due to high
costs, the need for specialized staff and bioinformaticians, poor sensitivity to certain in-
fections with low viral loads, and a lack of universal sequence analysis data tools [69,70].
Therefore, NGS can work in conjunction with other existing techniques and/or new molec-
ular methods to be developed in the future.

3.1. Nanopore Sequencing

Sequencing methods have some disadvantages in terms of generating short reads and
being dependent on PCR. Nanopore, a simple, real-time, long-read sequencing technology
that does not depend on PCR, was invented in 2014 to address these limitations [71]. The
nanopore method is a third-generation sequencing technology that takes advantage of
the effects of nucleotides on an electric flow to detect nucleotides as nucleic acids pass
through a nano-sized protein or synthetic pore [72]. It can generate high-quality nucleotide
reads longer than 10 kb without the need for chemical labeling. Additionally, full-length
direct RNA sequencing can be conducted without the need for reverse transcription [73].
This method enables the detection of mutations in viral RNA and DNA. For example,
SARS-CoV-2 and other respiratory viruses are multi-identified and epigenetic mutations
can be detected with high sensitivity and specificity [74]. (Table 1).

3.2. LAMPORE Technology

This method has been used in the diagnosis of SARS-CoV-2 and combines LAMP
and nanopore sequencing to identify highly scalable, multiple-gene regions. LAMP is a
one-tube method used to amplify DNA and is a lower cost, faster option compared to RT-
PCR. Reverse transcription loop-mediated isothermal amplification (RT-LAMP) unites the
LAMP method to detect RNA using reverse transcription. The sequencing of the targeted
region is amplified at a fixed heat. Characteristically, increased specificity is achieved
by using four primers to amplify six different sequences in the target gene region. The
number of amplified products produced in LAMP is significantly higher than in PCR-based
amplification due to the use of multiple primer sets. LamPORE is based on the LAMP
method to join sequencing as a procedure for high sensitivity, high specificity analysis [75].

3.3. CRISPR-Cas Technology

Clustered, regularly spaced, short palindromic repeats (CRISPR) are an immune re-
action formed by bacteria to fight bacteriophages. Although the CRISPR/Cas technique
has been broadly used for gene editing since 2013, its identification capability via Cas
nucleases for DNA/RNA detection has recently been discovered [76]. The CRISPR effector
Cas13 enzyme cleaves RNA supplemental to CRISPR RNA (crRNA) as collateral. CRISPR
transducer targeting DNA endonuclease (DETECTR) is a technique that merges isother-
mal amplification with target-dependent Cas12a ssDNase activation. This new approach
ensures attomolar sensitiveness for virus DNA discovery [77]. Specific high-sensitivity
enzymatic reporter unlocking (SHERLOCK) is another technology that can separate single-
nucleotide mutations with the programmable RNA targeting feature of cas13. A new
DETECTR-based CRISPR/Cas12a test combining reverse transcription and loop-mediated
amplification (RT-LAMP) is one of the fast identification candidates for POC tests [78].

In this method, the isothermal amplification of DNA and RNA in specimens is initially
performed with recombinase polymerase amplification (RPA) and RT to rise the quantity of
possible viral RNA targets. Then, a Cas13a enzyme with a particular guide RNA (sgRNA)
for the relevant virus is attached. If the viral RNA sought is available in the sample, a
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signal of light that can be detected by the reader is produced as a result of binding to viral
RNA via Cas13a guide RNA and releasing a fluorescently labeled reporter by collateral
cleavage. In this way, the presence of the sought RNA can be determined definitively [79].
The SHERLOCK method, which is the technique developed by Gootenberg et al., can
detect ZIKV and Deng virus within a few hours in patient samples (blood, urine, or saliva)
where titers can be as low as 2 x 10° copies/mL [80,81]. Methods such as CRISPR-based
combinatorial arrayed reactions for the multiplexed evaluation of nucleic acids (CARMEN)
that use microfluidic chips and thousands of targets that can be studied at the same time
are also in the process of being included in these tests [82].

3.4. Microfluid Systems

Microfluidic systems are automated test devices that consist of different parts, in-
cluding micro-channels that circulate liquid at the um level, micro-pumps combined with
various attachments for the analysis of samples, an inlet valve, and a reduced outlet
drain [83]. These systems are a new generation of traditional detection methods consisting
of steps such as sample preparation, bioreaction, and diagnosis that can be adapted to
a miniature platform. In the management of viral diseases, these systems are used with
high accuracy in the diagnosis of diseases such as HIV, ZIKV, and HBV [84]. The use of
microfluidic chips in diagnosis significantly shortens the time between determining the
etiology of the disease and initiating treatment [85]. Portable microfluidic test kits can be
particularly important in areas with poor health care services. Traditional virus diagnosis
methods require the isolation and purification of a large number of pathogens, among other
needs associated with cell culture. The application of a small and portable diagnostic test kit
significantly reduces costs as well as the length of hospital stay required for diagnosis [86].
Microfluidic systems with biodegradable materials enable tests to be carried out easily
without the need for expert personnel.

Microfluidic systems can be used to detect the effects of drugs or other biochemical
processes acting on cells. These microfluidic chips are grouped into those that interact
with bacterial cells, biomolecules, biomarkers, and viruses [87-89]. Various protocols
and microfluidic tests have been produced for the two- or three-dimensional detection of
biological molecules. In traditional methods, such as serological tests using multi-well
plates, ELISA tests, and PCR-based viral diagnostic tests, sample volumes, test times, and
cost-effectiveness are not prioritized. In traditional test methods, sample collection and
microorganism culture and identification are performed separately, while in microfluidic
systems, all these processes can be combined into a single complex system thanks to
chips [90].

4. Future Molecular Methods
4.1. Molecular Methods Based on Host Response

PCR is generally used for the detection of etiologic agents in infectious diseases.
However, the PCR method has some limitations. One is that it requires a minimal pathogen
load in the blood, which can, at times, lead to incorrect (or false) negative test results.
Another limitation is the human bias linked to laboratory personnel performing these tests
due to the repetition process of pathogen-based tests in order to increase sensitivity and
specificity [91].

Host response-based immunodiagnostic techniques are a step towards more pre-
cise and personalized health care that can provide the best therapy for each patient in a
well-timed approach [92]. Today, omics platforms continue to evolve around host immun-
odiagnostic, with different molecular host biomarkers being cited as possible candidates
for a fast diagnosis in critical illnesses [93]. Unlike pathogenic-based tests, host immun-
odiagnostic methods offer the possibility to distinguish between non-contagious immune
triggers, including sterile inflammatory cases, autoimmune illnesses, and malignity [91].

These methods include RT-PCR, RNA sequencing, and specific host gene expression
markers. There are also platform assays to detect metabolic and protein biomarkers of
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susceptibility and immune response to the infectious agent. These new technologies have
made it possible to join plural biomarkers into single predictive models. Therefore, recent
progress has been made in epigenomics, lipidomics, and metabolomics in the combining
of genomics, transcriptomics, and proteomics [94]. These approaches claim more precise
identification of infectious agents, but, to date, they have not passed any known clinical
research testing trials nor been approved for clinical practice.

Given the need for rapid diagnosis during the COVID-19 pandemic, several studies
have discovered the usage of host-based diagnostic methods for the detection of SARS-CoV-
2. One of these studies aimed to obtain a transcriptional signature to detect multiple viral
infections containing COVID-19. RNA sequencing was conducted in confirmed bacterial,
viral, or non-infected cases in whole blood samples from subjects. Signature host genes were
confirmed with RT-PCR. IGF1R, NAGK, and HERC6 signature genes were reproduced from
subjects recorded by differential gene expression analysis using forward partial-selection
smallest squares. IFG1R is an insulin signal tyrosine kinase protein that has been discovered
as an entry receptor for the respiratory syncytial virus (RSV) in addition to macrophage
and phagocytosis activation. NAGK is one of the enzymes responsible for amino acid
metabolism. HERC6 has an antiviral function when triggered by interferon. These gene
transcripts distinguish bacterial infections from viral infections with 97.3% sensitivity and
100% specificity, outperforming C-reactive protein (CRP) and leukocyte counts. The three
signature genes differentiated among bacterial and COVID-19 cases, with a sensitivity of
88.6% and a specificity of 94.1%, by a second confirmatory analysis [95].

A 29-mRNA panel—a host response-based molecular method—was developed to
determine the likelihood of viral infection and the risk of physiological decompensation
(i.e., disease severity) [96]. This method can be implemented on a POC platform with a
turnaround period of 30 min. This method, which uses artificial intelligence algorithms,
has been developed for the diagnosis and prognosis follow-up of viral diseases from whole
blood. Thanks to this method in triage for suspected COVID-19 cases, it was possible to
distinguish between bacterial /viral or non-infectious inflammation and to determine the
course of the disease for patients in need of quarantine [97].

4.2. Nanobiosensors

Nanobiosensors are used in the detection of pathogens because they are cheap, sen-
sitive, and fast and can be applied at the bedside. Biosensor technology enables target
molecules to be identified and converted into electrical signals through a transducer or
detector [98]. Bioreceptors targeting molecules such as nucleic acids or proteins bind to a
transducer and allow the target and receptor to interact. Any interference is converted by
the transducer into an electrical signal and transmitted to the detector [99]. Nanobiosen-
sors exhibit a very high, fast, and definite target-receptor interaction [100]. The eCovSens
appliance, which contains a fluorine-added tin oxide electrode and gold nanoparticles
bonded with a SARS-CoV-2 antibody, can determine spike protein in saliva specimens
at very low densities [101]. Nanobiosensors can be used in RT-LAMP experiments and
provide synchronous amplification and complete determination in one step within one
hour. Most nanobiosensors do not require the preprocessing of samples and provide a
more accurate diagnosis by detecting viral particles quickly and more reliably [102].

Considering the use of nanobiosensors in the diagnosis of viral diseases, biosensors
with highly sensitive diagnostic features have been designed to detect the influenza virus
through an optical method called the resonance energy transfer upconversion luminescence
process [103]. These biosensors can diagnose viruses approximately 10 times faster than
traditional diagnostic methods. Today, there are studies reporting that nanobiosensors are
used in the diagnosis of SARS-CoV-2 [104,105].
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4.3. Omics Technologies

Omics technologies are divided into subgroups such as genomics, which allows one
to examine host and microorganism genomes, transcriptomics (where transcription is ex-
amined), proteomics (where proteins are examined), and metabolomics (where metabolism
products are examined). Omics research in infectious diseases can be directed towards both
organisms separately for the agent and host. In addition, both can be studied under the
same omics studies (such as infectomics) [106,107]. DNA sequence data and reverse genetic
studies allow one to determine the effects of detected mutations on proteins. Antiviral
resistance in agents such as HBV, HIV, and CMYV can be detected by tests based on DNA
sequence analysis [108].

A better understanding of the network structures and pathogenesis of viruses in
transcriptome studies has become possible with next-generation sequencing methods [106].
The detection of minor variants that may cause drug resistance has begun to be made more
sensitive with these methods. For example, in a study conducted on naive patients infected
with HIV-1, resistance-related mutations were detected in 30.5% of the samples for which
in-depth sequence analysis was performed, while the rate of resistant population remained
below 20% (or in 15.6% of them). This rate represents a population that can be overlooked
by conventional sequencing methods [109].

Proteomic studies are in the form of general protein profiling, examining the modifica-
tion forms of proteins and protein-protein and protein-genome interactions. The effects
of host replication mechanisms in HIV infections and the carcinogenesis mechanisms of
infections such as EBV can be better understood as a result of proteomic studies [106]. In
the diagnosis of HIV-1, increases in inflammatory markers and the proteins of the com-
plement system were detected in CSF with proteomic approaches [110]. The remodeling
of cholesterol metabolism, translation, splicing, and carbon metabolism in the host was
determined in the diagnosis of SARS-CoV-2 [111].

The concept of metabolomics covers the study of molecules such as amino acids, lipids,
nucleotides, and sugars, which are products of metabolism. Since lipidomic studies within
metabolomics provide information on molecules, including cell membrane and signaling
processes, information is obtained on subjects concerning, for example, pathogen—host
interactions and immune response regulation. In this way, it is possible to better understand
intracellular processes in HIV, CMV, and HCV infections [106]. Another aim of metabolomic
studies is to find biomarkers that can be used in rapid diagnosis by examining both the
metabolic products that change in the host and the active metabolism products during
infection [112].

It is thought that, thanks to the knowledge that will be obtained through future omics
studies, it will be possible to take proactive early measures by observing warning signals
before the symptoms of a certain health condition appear and to prevent the disease or any
related sequelae. More research means more data, valuable information, and platforms
for interactomics studies. Thus, in a comprehensive study on individuals with clinically
slow progression in HIV-1 infected individuals, KPNA2 and ATP5G3 genes, which have
key roles in nuclear transport and RNA processing, may also play an important role in
terms of the disease progression. It has been reported that both these genes can be treated
as key targets for new treatment methods that can be developed to slow the progression of
diseases [113].

5. Future Directions

Developments in metagenomic approaches in virology, the compatibility of various
“omics” data with diagnostic methods, and their application, (which includes the use
of teams between clinics and laboratories) require significant changes in existing health
systems. These changes include the creation of special data storage and bioinformatics
systems and also require the training of expert personnel in methods such as NGS. Context-
aware systems using various network algorithms are online tools aimed at supporting
patients and doctors in managing chronic diseases [114,115]. In the future, by using
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similar systems, integrating multi-omics technologies and other molecular methods in
viral diseases, and developing symptom-oriented diagnosis predictions, prognosis and
treatment follow-up can be realized with computer-aided applications. By integrating
knowledge from advanced molecular methods and using a single mathematical model for
evaluation, new intervention techniques can be used and applied to prevent and manage
future epidemics.

6. Conclusions

The main purpose of medical virology laboratories in the management of viral diseases
is to support physicians in the diagnosis and treatment of these conditions and infection
control studies. For effective disease management, causative viruses must be identified
quickly. Molecular techniques are used most frequently for nucleic acid detection in the
diagnosis of virus-induced infections. Molecular techniques are preferred due to their
higher sensitivity and specificity, speedy results, and automation advantage compared to
culture or other diagnostic methods.

In the diagnosis of a suspected viral infection, PCR is most commonly used to confirm
results obtained with antigen-/antibody-based techniques. Sequence analyses are recom-
mended to confirm samples suspected of PCR positivity. However, sequence analyses and
omics-based techniques are not practical methods that can be used in the routine clinical
diagnosis of viruses due to their costs, the need for experienced personnel, and associated
heavy workloads.

There is increasing evidence to suggest that the development and standardization of
molecular diagnostic tests and the strengthening of the capacity to detect agents in viral
diseases are of critical importance, especially after the COVID-19 pandemic. While we must
develop new molecular methods to control the spread of viruses, new approaches, such as
nanotechnology and artificial intelligence applications, will also allow for improvements in
existing diagnostic methods. All developed molecular methods should be evaluated based
on the virus to be tested. New molecular methods should be included in existing diagnostic
algorithms (both national and international guidelines), taking into account parameters
such as the usability, specificity, and sensitivity of these tests.
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