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ABSTRACT 

Context: Detection of causative pathogen is crucial for treatment strategies in most 

infections.  Molecular diagnosis as a more sensitive and specific method, has become the best 

option to investigate certain pathogens, mainly viruses. Recent scientific and technological 

approaches resulted in changing the area of diagnostic microbiology. 

Evidence Acquisition: A comprehensive online search of data bases was done and all 

appropriate articles and documents retrieved were reviewed thoroughly and systematically. 

Results: Many new user-friendly commercial assays have been developed for this purpose. 

During recent decades, remarkable efforts have been made for genomes sequencing of micro 

organisms. Investigation of nucleic acids in detection of variety of organisms related to 

infectious diseases such as nosocomial infections, sexually transmitted diseases, and 

immunocompromised host infections. 

Introduction: The most application of molecular techniques is in epidemiological and 

clinical investigations in viral infections such as HPV, genotyping for HCV and HIV 

resistance to viral polymerase inhibitors due to structural origin. Recent approaches such as 

microarrays and next-generation sequencing are expected to have a huge impact in the next 

revolution of pathogen identification. In this review, we focused on the most recently 

molecular approaches in diagnosis of viral infection and their characteristics. 
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Context: 

Detection of causative pathogen is crucial for 

treatment strategies in most infections. Molecular 

diagnosis as a more sensitive and specific method, 

has become the best option to investigate certain 

pathogens, mainly viruses. Recent scientific and 

technological approaches resulted in changing the 

area of diagnostic microbiology (1). Many new user-

friendly commercial assays have been developed for 

this purpose. During recent decades, remarkable 

efforts have been made for genomes sequencing of 

micro organisms (2,3). Investigation of nucleic aids 

in the detection of variety of organisms related to 

infectious diseases such as nosocomial infections, 

sexually transmitted diseases, and 

immunocompromised host infections (4). The most 

application of molecular techniques is in 

epidemiological and clinical investigations in viral 

infections such as HPV in cervical (5,6) and 

genotyping for HCV (7). HIV resistance to viral 

polymerase inhibitors due to structural origin has 

been excluded  in recent studies (8,9). Some point 

mutations in the HPV-encoded thymidine kinase 

gene has been shown as a cause for the occurrence 

of acyclovir resistance (10) which is  very important 

in patients AIDS, immunosuppressed conditions or 

whom undergoing long-term therapy (11,12). 

Recent approaches such as microarrays and next-

generation sequencing, are expected to have a huge 

impact in the next revolution of pathogen 

identification (13). There is no need For a molecular 

diagnostic method to support the replication of an 

organism. The most necessity to identify a specific 

molecule in a reaction is a proper molecular probe 

(14). Nucleic acid amplification technology has 

reduced the time of Viral detection and 

characterization (15).  In this review, we focused on 

the most recently molecular approaches in diagnosis 

of viral infection and their characteristics. 

Evidence Acquisition: 

Using keywords such as molecular diagnosis, 

viral infections, microarrays, next-generation 

sequencing and methods, a comprehensive online 

search was done of data bases including google 

scholar, pubmed, science direct and all eligible 

articles and documents retrieved were reviewed 

thoroughly and systematically. 

Results: 

There have been considerable improvements 

in the methods used to detect viral nucleic acid in 

the diagnosis and supervision of patients with 

different kinds of viral infections. These methods 

are now included into a wide-ranging of diagnostic 

and management strategy and in a range of clinical 

settings. 

1. Non Amplified Nucleic Acid Probes

Nucleic acid probes are small fragments of

Deoxyribonucleic acid or ribonucleic acid that have 

being labeled with enzymes, chemiluminescent 

molecules or radioisotopes. Complementary 

sequences are targets for these in micro organisms. 

Nucleic acid probes can be used to recognize some 

viruses. liquid- phase, solid-phase and in situ 

hybridization are the most common used formats for 

probe hybridization. Due to poor analytical 

sensitivity, these techniques might be used only to 

detection a large scale microorganisms (16). 

Regardless of advances in this technology, there are 

number of challenges in application of viral testing 

related to precision, accuracy and standardization 

(17). 

2. Amplified Nucleic Acid Techniques

Since the 1980s, the growing accessibility of

nucleic acid amplification methods has improved 

understanding about epidemiology, pathogenesis, 

laboratory and clinical aspects of known and novel 

viral pathogens. Polymerase chain reaction is the 

most commonly applied qualitative diagnostic 

method (18). Nucleic acid testing for infectious 

diseases is almost completely performed in 

centralized laboratories using high-end 

instrumentation and expert personnel (19). 

Development of the PCR has initiated the beginning 

of molecular diagnostic techniques (20). Though 

this method is the most generally used nucleic acid 

amplification technique, other methodologies have 

been developed but they are not PCR based 

techniques. The biochemical mechanisms of these 

methods are based on amplification of signal, target 

or probes. One of these methods is NASBA (nucleic 

acid sequence-based amplification). This is a strong 

amplification method which has been used to 

identify a number of pathogens, including RNA 

viruses such as HIV and HCV (21,22).  
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3. Microarrays

A DNA array is a set of spots attached to a slide

where each spot contains one or more single-

stranded DNA oligonucleotide fragment (23). In 

high density arrays technology, hundred or 

thousands of oligonucleotides are attached which are 

referred to as microarrays. Signals resulted from 

hybridization of a labeled amplification product are 

mapped to a number of positions inside the array. 

The sequence of product can be identified using the 

pattern of hybridization, if there are sufficient large 

amount of probes. The result of hybridization 

between the bound probe and labeled sequences in 

the sample is revealed by imaging or scanning the 

array surface. The chip can be scanned using the 

confocal microscopy and fluorescent signals that 

reveal hybridization at specific locations on the chip 

are detected. Since many DNA sequences can be 

present on a slide, concurrent testing for several 

viruses is possible for microarray analysis for 

instance, to study polymorphisms of the HIV 

protease gene for detection of drug resistance 

(13,24,25). 

4. Multiplex methods: nucleic acid-based

Multiplexing technologies enable the 

simultaneous identification of multiple viruses in a 

single assay which can significantly decrease the 

time, cost and labor-input related to conventional 

single reaction detection methods (26).  

4.1. Multiplexed Microsphere-Based Array 

Microsphere-based suspension array 

technologies present a stage for nucleic acid 

identification which have some advantages as well 

as rapid data achievement, high specificity and 

sensitivity and multiplexed analysis potential. 

Compared to planar microarrays, advantages of 

these techniques are including being user friendly, 

higher statistical power, low cost, faster 

hybridization kinetics and more flexibility in 

preparation (27). A multiplexed assay for diagnosis 

of viral infection using this system has been 

developed for HCV, HSV, HIV and HPV typing 

with high specific outcome (24,28).  

5. WHOLE-GENOME SEQUENCING

Subsequent  to electron microscopy, cell culture 

and Polymerase chain reaction, whole genome 

sequencing (WGS) is one of these techniques which 

is now changing the way of understanding viruses, 

mainly in the fields of genome sequencing, 

development, ecology, detection and 

transcriptomics (29). Whole genome sequencing is 

the basis for the inclusive understanding of an 

organism’s function. (30). Recent studies showed 

that characterization of complex mixture of 

microflora in environmental context can be done 

using high-throughput sequencing (31). Next-

generation sequencing (NGS) techniques present an 

unique “step-change” raise in the quantity of 

sequence data which can be generated from a 

sample. Although this method used for de novo 

sequencing of large genomes, to achieve ultra deep 

coverage, NGS can be applied for resequencing of 

small viral genomes. Thus, NGS potential gives 

information further than the consensus for a viral 

sample through revealing present nucleotide 

substitutions in just a small portion of the population 

(32) such as sequencing of new influenza viruses,

detection of viral genome inconsistency and

evolution within the host, such as assessment of

human immunodeficiency virus and human

hepatitis C virus species, and monitoring of low-

abundance antiviral drug-resistance mutations. For

stratagies based on metagenomics in detection of

unforeseen disease-associated viruses and for the

identification of novel human viruses, for instance

cancer-related viruses, and description of the human

virome in healthy and disease conditions, NGS

techniques have been applied. (33). Detection of

Fatal arenavirus infection associated with organ

transplantation (LCMV) and Merkel cell

polyomavirus (MCV) are two examples of NGS

application in viral infection (13). Summary of

comparision these techniques are given in Table 1.
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Table 1. Some main characteristics of recent molecular techniques and examples of their application 

Technique 
Advantages/ 

Disadvantages 
Example of viruses Refrences 

Non Amplified Nucleic Acid 

Probes 

poor analytical sensitivity 

Necessity for large number of 

microorganisms 

HPV, CMV (16) 

Amplified Nucleic Acid Techniques 

highly purified nucleic acids 

easy to use in clinical settings 

real-time detection during amplification 

Most of viruses: 

HCV, HBV, HPV, CMV, 

VZV, BK virus,  HIV-1, 

Influenza A and B, , HSV 

1/2 

(23, 34) 

Microarrays 

Multiplexed Microsphere-Based 

Array 

simultaneous testing for multiple 

viruses 

high sensitivity and specificity 

multiplexed analysis potential 

simplicity of use 

low cost 

higher statistical power 

faster hybridization kinetics more 

flexibility in array preparation 

Respiratory viruses, 

HCV, HPV, HIV, CNS, 

HSV, SARS 

(23, 27, 35) 

Whole-Genome Sequencing (based 

on third generation sequencing 

technique) 

No amplification of template DNA 

required, realtime monitoring of 

nucleotide incorporation 

Nonbiased DNA sequence, 

High error rates and 

low reads 

High NTP incorporation error rates 

Generates long-read lengths 800-1000 

bp, 

Single molecule sequencing 

LCMV, MCV (13, 36, 37) 

Discussion: 

Advances in the area of bioinformatics, 

nanotechnology and genomics have been changed 

the views of the interaction between viral and host 

transcriptomes (33). Possibilities for these 

techniques are only limited by current scientific 

thoughts and, somewhat, by their cost, which leads 

to restricted applications to relatively small 

amount of samples. Remaining challenges are 

including the storage and analysis of the large 

number of data obtained. An exciting era of viral 

investigation has begun which causes new 

challenges to realize the role of recently revealed 

viral diversity in both disease and health. A variety 

of molecular methods based on nucleic acid 

including amplified and non-amplified probes, 

microarrays, and target amplification are at the 

present applied for detection of organisms, their 

virulence factors and drug resistance determinants 

(29). The prospect of the molecular diagnostics of 

viral infections will indisputably be focused on a 

significant enhance in the number of information 

detected with significant basic, rapid platforms that 

will need complex software analysis to resolve the 

data for apply in clinical strategies. These highly 

developed techniques will probably focus on 

differences of microarrays and whole genome 

sequencing to improve clinical management. The 

success and introduction of these new methods 

through virology laboratories in order to establish 

diagnostic tests for the viruses implicated in 

human infections, will be mainly depend on 

numerous factors (26). The needs for special 

circumstances are such as modern equipments and 

trained personnel to enhance the efficacy of these 

new technologies in diagnostic area. 
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