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1. Introduction

  With the development of scientific knowledge and technical 

skills, scientists are now able to detect a number of pathogenic 

viruses using variety of methods e.g. serology, culture and 

molecular methods. Serology has been used as the major diagnostic 

approach for the detection of pathogenic viruses associated 

with the respiratory system. The most common serological tests 

used for such viral pathogens are the enzyme immunoassay, 

haemagglutination inhibition, and complement fixation tests. 

Efficiency of cell culture was improved in the early 1990s with 

the development of shell vial culture with addition of monoclonal 

antibodies. This approach reduced the cell culture time from 8-10 

days to 1-2 days. Direct fluorescent antibody staining is another 

technique commonly used for rapid diagnosis of viral pathogens 

present in nasopharyngeal samples. Enzyme immunoassays are 

still used for virus detection but appear to be less sensitive than 

molecular methods. Consequently, molecular techniques such as, 

nucleic acid sequence based amplification (NASBA), PCR and loop-

mediated isothermal amplification (LAMP) were developed as more 

sensitive and alternative methods for diagnosis of such pathogens 

of the respiratory system. A number of molecular techniques that 

have been developed and utilized during last two decades for 

the detection of pathogenic viruses of the respiratory system are 

summarized in this article.

2. Molecular methods used for detection of virus

2.1. PCR and RT-PCR

  PCR, a popular molecular method, is frequently used for detection 

of any nucleotide sequence of viral genome[1]. Appropriate primer 

design is a prerequisite for successful amplification and detection 

of a specific or multiple targets of nucleic acid sequences. Primers 

are generally designed targeting conserved sequences of viruses 

e.g. replication genes and matrix protein coding genes for detection 

of multiple members falling under same species or family. Primers 
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designed for detection of the hexone gene of adenovirus were used 

to detect 18 genotypes in urine samples[2]. Multiple sets of primers 

designed for different viruses were used for the detection of several 

viruses together in multiplex PCR assay. It is therefore, necessary 

to optimize the thermo cycling conditions, for example, annealing 

temperature and extension time suitable for all primers to be used 

in such PCR amplification. PCR amplified DNA can be detected 

after separating them on agarose gel. Appropriate size of DNA band 

can be identified after hybridizing with sequence specific probes[3]. 

Alternatively, amplified DNA can be sequenced for confirmation.

  Both one-step and two-step Reverse Transcriptase (RT) PCR 

methods are used for detecting RNA viruses in clinical samples. 

Complementary DNA is initially prepared from the viral RNA 

which is subsequently used as template for further detection of 

target sequences by PCR amplification in two-step RT-PCR. Viruses 

can be detected directly in the extracted RNA by one-step RT-PCR 

amplification. This approach is more sensitive than two-step RT-

PCR because it includes relatively larger amount of RNA template 

for transcription of cDNA and amplification of sequence by PCR. 

Simultaneous reverse transcription of RNA and amplification in 

the same reaction in one-step RT-PCR excludes the possibility of 

pipetting errors and carryover contaminations. One-step RT-PCR 

was used to amplify the nucleoprotein, haemagglutinin and matrix 

genes of influenza A and B viruses[4]. Multiplex RT-PCR can be 

designed after optimizing amplification conditions of different 

primers specified for target viruses[5,6]. Human respiratory syncytial 

virus and human metapneumovirus were detected by a similar 

multiplex RT-PCR assay from clinical specimens[7].

2.2. Real-time PCR

  Quantification of the viral load is a challenge for conventional 

methods while it can be addressed by molecular approaches[8]. Real-

time quantitative PCR was used for rapid detection and quantitation 

of 13 common respiratory tract viruses using fluorescence 

resonance energy transfer hybridisation probes[9]. Such an approach 

was reported to be useful for determining the load and shedding 

of viruses in different stages of infection and for monitoring 

therapy[10]. Special clinical management policies and infection 

control procedures should be followed for patients, especially young 

children, showing high viral load and shedding for extended periods 

of time[11]. It was also possible to determine the concentrations of 

influenza A subtypes of H3N2 virus using multiplex primers for both 

types in a real-time PCR[12]. A new approach, high-speed droplet-

real time PCR method, was used for detecting bovine respiratory 

syncytial virus in less than 10 minutes[13].

2.3. LAMP and reverse transcription loop-mediated 
isothermal amplification (RT-LAMP) 

  LAMP is an isothermal amplification method used for detecting 

nucleotide sequence. Two pairs of primers are used in both inner and 

outer sides flanking the target sequence. Specific DNA sequence is 

amplified through strand-displacement and synthesis of Bst DNA 

polymerase[14,15]. Bst DNA polymerase is the large fragment of DNA 

polymerase derived from Bacillus stearothermophilus which contains 

5’濚3’ polymerase activity but no 5’濚3’ exonuclease activity[16]. 

As a result, the LAMP reaction produces a blend of stem-loop 

DNAs of different sizes comprising of multiple loops. A positive 

amplification can be easily monitored either by gel electrophoresis 

or by measuring the concentration of magnesium pyrophosphate[17]. 

RNA samples can also be amplified through such amplification 

after adding an initial reverse transcription step and additional pair 

of primers called RT-LAMP[18,19]. LAMP appeared to be 100 times 

more than standard PCR while detecting tomato yellow leaf curl 

virus DNA[20]. Sensitivity of RT-LAMP also appeared to be 10 times 

more than RT-PCR while detecting Taura syndrome virus RNA[21].

2.4. NASBA

  In this technique, an RNA sequence is amplified to multiple copies 

using DNA-dependent RNA polymerase[22] (Figure 1). Initially 

a DNA primer binds to the T7 promoter which is subsequently 

extended by reverse transcriptase. RNA from the cDNA/RNA hybrid 

is degraded by RNase H and double-stranded DNA is synthesized 

by reverse transcriptase using a second primer. T7 polymerase 

synthesizes multiple copies of RNA from this DNA template. 

Amplified RNA can be detected by either electrochemiluminiscence 

or RT-PCR. This method was applied for detection of several viruses 

e.g. West Nile and St. Louis encephalitis virus[23]. 

Figure 1. NASBA. 
(A) Initial phase: (1) template RNA; (2) reverse transcription with primer 
(P1) containing T7 promoter; (3) RNase H degrades RNA from cDNA-RNA 
hybrid; (4) Primer 2 (P2) binds to the promoter sequence and complementary 
DNA strand is synthesized by reverse transcriptase (DNA dependent DNA 
polymerase activity); (5) double stranded T7 promoter acts as a self-sustained 
template for T7 polymerase (DNA-dependent RNA polymerase) to generate 
complementary RNA.
(B) Cycling phase: each RNA can be copied in cyclic order and amplified 
exponentially[24].

2.5. Nucleic acid hybridization

  This technique is used to detect specific sequence of nucleic 

acid present within a viral genome. A short labeled nucleic acid 

probe of 20-30 bases is hybridized to a complementary sequence 
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present in viral genome. This short probe can be either DNA or 

RNA (riboprobe). Signals from the hybridized probes can be 

amplified through chemiluminiscence or a hybrid-capture assay for 

quantitation of viruses. This nucleic acid hybridisation technique 

was applied on plasma sample to monitor human immunodeficiency 

virus type 1 (HIV-1) from patients enrolled in clinical trials for 

antiretroviral and immune-based therapies[25].  

2.6. Microarray analysis of virus sequences

  Nucleic acids hybridization technique is used in microarray 

analysis for the detection and characterization of genomic sequences. 

A range of single-stranded DNA oligonucleotide probes are spotted 

on a small glass slide or similar surfaces coated with quartz or 

membrane for hybridizing and revealing complementary sequence 

of nucleic acid. Specific sequences of genomic DNA or RNA are 

amplified using appropriate molecular techniques and labeled with 

fluorescent markers. Labeled sequences are allowed to hybridize 

with complementary sequences of probes placed in the array. 

Subsequently, fluorescence is measured to determine the presence 

of particular sequence. Microarrays have already been applied for 

the detection and typing of viral pathogens from the respiratory 

system[26-28]. A commercial microarray device CLART襅PneumoVir 

(Genomica, Coslada, Madrid, Spain) was used for the detection 

of several pathogenic viruses of the respiratory tract. It is also 

considered to be cheaper than multiplexed conventional PCR-based 

assays[29]. There is an enormous prospect for adopting microarray 

platforms for cheaper detection of multiple infectious agents such 

as bacteria, virus and fungi in clinical samples. Microarray analysis 

coupled with sequence independent amplification was applied for 

detection of genotypes of noroviruses[30].

2.7. Multiplex PCR and emerging technologies 

  The application of molecular techniques is becoming widespread 

due to their efficiency e.g. rapidity and coverage for detecting 

different pathogens, compared to other conventional techniques. 

It is also more convenient to set up multiplex assays following a 

multiplex PCR amplification of the metagenome using modern 

techniques e.g. ResPlexTM technology and InfinityTM system which 

are described in the following sections. 

2.7.1. Micro-bead suspension array (EraGen Biosciences) 
multiplex PCR
  Multiple targets are amplified using multiplex PCR in this 

technique. Amplified products are subsequently hybridized to target-

specific capture probes which are covalently bound to color-coded 

beads. Hybridization of colored beads is detected using a dual-laser 

detection device for determining the presence of sequences related 

to pathogenic viruses. This technology was successfully applied for 

detecting common pathogenic viruses of the respiratory tract[31] and 

typing human papillomaviruses (HPV)[32]. This technology offers 

detection of 100 different types of sequences in the same reaction.

2.7.2. ResPlexTM technology (Qiagen, UK)
  This technology involves multiplex PCR amplification followed 

by bead-based detection such as Luminex xMAP. This technology 

is suitable for detecting more than 15 pathogens present in a single 

test. ResPlexTM 栺 and ResPlexTM 栻 are developed for detecting 

bacteria and viruses associated with respiratory system, respectively. 

The ResPlexTM system was applied for detecting 21 pathogenic 

bacteria and viruses from patients having acute respiratory 

infections[33]. ResPlexTM test was found to have a sensitivity of 84%-

100% compared to direct fluorescent antibody test for detection of 

respiratory syncytial virus (RSV), parainfluenza 1-3 and influenza A 

and B. However, ResPlexTM was found to be less than 10% sensitive 

while compared to direct fluorescent antibody for detection of 

adenovirus.

2.7.3. InfinityTM system
  In the InfinityTM system (AutoGenomics) target sequences are 

amplified initially using multiplex PCR for subsequent detection 

using automated microarray hybridization in InfinityTM analyser. 

Unincorporated nucleotides are removed through enzymatic 

digestion and amplicons are labeled using fluorescent nucleotides. 

This microarray approach was compared with quantitative real-

time PCR assay and yielded concordant result in a previous study 

for detecting 23 common viruses in children ≤≤3 years of age[34]. 

Microarray analysis was found to be ≥≥90% sensitive for all viruses 

other than adenoviruses and coronavirus NL63. Although throughput 

was higher for microarray analysis for detection of >15 targets, a 

singleplex real-time PCR was reported to be superior over the other 

for detecting an individual virus[34].   

2.7.4. Jaguar system
  The Jaguar system (BD Diagnostic) is an automated system for 

nucleic acid extraction and real-time PCR detection. This system 

is used for identification of multiple pathogens of respiratory 

system. Nucleic acid extraction occurs in individual cartridges. 

The amplification cartridge contains 12 reactions of 4 µL each 

comprising multiplexing capabilities of 2-6 targets. While compared 

with tissue culture detection, sensitivities of this system varied for 

the detection of influenza A (100%), influenza B (90%) and RSV 

(100%)[35].

2.7.5. FilmArrayTM technology
  The FilmArrayTM system (Idaho Technologies) is an integrated 

automated system used for extraction of nucleic acid and amplification 

by nested PCR. Numerous viral and bacterial pathogens are identified 

through data analysis in a single-use pouch. A PCR reaction is 

performed in two steps; the first step is a multiplex PCR containing 

primers of a variety of the target sequences and the second step 

targets a specific pathogen. This technique has the potential for 

detecting >15 target sequences within an hour from a sample[36].
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2.7.6. Scalable target analysis routine technology
  Scalable target analysis routine technology (PrimeraDx) is a blend 

of PCR with a capillary electrophoresis system. Different targets 

are identified according to the sizes of the amplified products. It 

is possible to detect more than 20 pathogens in a single reaction. 

This system is still under investigation for further improvement in 

detection and quantification of pathogenic viruses[37].

2.7.7. PLEX-IDTM technology
  In the PLEX-IDTM system (Abbott Molecular), target sequences 

are initially amplified by PCR using primers designed on the 

highly conserved sequences of pathogenic microorganisms that 

flank sequences variable regions. Nucleotide base compositions of 

amplified PCR products are analyzed using electronspray ionization 

mass spectrometry. Sequence information is matched with a known 

sequence database to confirm the presence of any organism. PLEX-

IDTM system showed 88% sensitivity for RSV and 95% sensitivity 

for influenza A and B when compared with culture, PCR and 

antigen based detection methods. However, the PLEX-IDTM system 

was shown to be 100% sensitive for detection of adenovirus, 

parainfluenzavirus and coronavirus[38].

2.7.8. ProFlu-1TM

  Pro-Flu-1 (Pro-Flu+; Prodesse Inc.) is a FDA approved multiplex 

real-time RT-PCR system. This system is used for the detection 

of RSV, influenza A and influenza B viruses. According to two 

previous studies, sensitivity and specificity of this assay varied for the 

detection of influenza A (93%-100%) and influenza B (98%-99%) 

while compared to immunofluorescence and culture assay[39,40]. 

2.8. Non-PCR based isothermal amplification of DNA/RNA

  Isothermal amplification of nucleic acids in molecular biology 

has enabled scientists to amplify nucleic acids without using a 

thermocycler. Isothermal amplification of nucleic acid is relatively 

easy, cheap and can be done in remote areas where there is no 

access to a thermocycler. Amplification of nucleic acids is essential 

for the detection and characterization of genomic sequences in any 

research related to diagnosis and treatment[41]. Although PCR-based 

amplification of target sequences is widespread, several non-PCR 

based amplification techniques have been introduced in the past time. 

This new isothermal amplification technique has been developed by 

providing necessary proteins, dNTPs, primers and templates for in 
vitro synthesis of DNA/RNA.

2.8.1. Transcription mediated amplification 
  Transcription mediated amplification method amplifies the number 

of template RNA which is a very similar approach to NASBA[42,43]. 

Three enzymes are used in this technique including reverse 

transcriptase, DNA dependent RNA polymerase and RNase H for 

reverse transcription and synthesis of multiple copies of RNA from 

the starting template RNA. Transcription mediated amplification can 

amplify 1 billion copy of the RNA from one RNA copy in 1.5 h at 

41 曟. Amplified RNA can be visualized after gel electrophoresis or 

detected using fluorescence probes in real-time PCR amplification or 

colorimetric assays[44]. 

2.8.2. Signal mediated amplification of RNA technology 
(SMART)
  SMART technology (Figure 2) was developed by Cytocell Ltd., 

Banbury, UK for diagnosing pathogens in clinical samples[45]. 

SMART technology is also known as CytAMP (British BioCell 

International, Cardiff, UK). Performance of CytAMP for the 

detection of methicillin resistant Staphylococcus aureus was shown 

to be comparable to those of PCR in a previous study[46,47]. It was 

also found that many copies of an RNA signal were produced by 

SMART technology at 41 曟 from nucleic acid templates. A three-

way junction is formed after hybridization between the target and 

two probes. One of the probes contains RNA signal sequence and the 

other contains T7 promoter sequence[48]. Double stranded T7 RNA 

polymerase promoter is synthesized by Bst DNA polymerase by 

extending the short probe. Multiple copies of RNA are subsequently 

synthesized using T7 RNA polymerase. Synthesized RNA then 

binds to the second probe and is extended by Bst DNA polymerase 

generating double stranded promoter to facilitate transcription 

of RNA. Amplified RNA copies are detected by enzyme linked 

oligosorbent assay or real-time PCR assay[49].

Figure 2. SMART. 
(a) Hybridization of probes to the specific target to form three way junction. 
Double stranded T7 RNA polymerase promoter was synthesized by Bst DNA 
polymerase by extending the short probe. Multiple copies of RNA were 
subsequently synthesized using T7 RNA polymerase; (b) Detection of RNA 
signals by enzyme linked oligosorbent assay was done using two probes: a 
biotinylated capture probe and enzyme (Alkaline phosphatase, AP) linked 
detection probe. Amplification of RNA was determined after detection of 
change in the color of the solution after adding the substrate to the reaction[50].
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2.8.3. Strand displacement amplification (SDA)
  This method uses an endonuclease to produce nick in the DNA 

strands. A second enzyme DNA polymerase (exonuclease deficient) 

extends 3’-ends at the nick and displaces the downstream DNA 

strand. After an initial heat denaturation, four primers (B1, B2, S1 

and S2) bind to the both sides of target sequence to be amplified. 

The four primers are extended simultaneously by exonuclease 

deficient DNA polymerase. Extension of B1 displaces the S1 and B2 

displaces S2 primers. SDA primers contain restriction sites and new 

DNA strands flanked by the nickable sites which are synthesized 

through their extension and strand displacement activity. The newly 

synthesized DNA is nicked again, the 3’-end is extended displacing 

a single stranded copy and regenerating double stranded DNA with 

the available primers. Each single stranded DNA can be amplified 

1010-fold using this technology. SDA amplicons can also be used 

for real time assay[51]. This technology was used for detection of 

pathogenic microorganisms e.g. Chlamydia trachomatis and Neisseria 
gonorrhoeae using the Becton Dickinson Probe Tec ET System (BD 

Biosciences, Sparks, Md.)[52]. Such amplification can also be used 

on RNA template but that will need additional amount of reverse 

transcriptase in the reaction mix[51].

2.9. Amp-PCR: Combining phi29 amplification with RT-
PCR

  Performance of real-time PCR for detection of any pathogen 

depends on several factors, for example, binding of the primers to 

desired sequences, variation in the genome sequence where primers 

are going to bind, copy number of genome and efficiency of the 

reaction. Sometimes, it is not possible to amplify any target sequence 

by PCR when it is present in very low concentration from samples 

containing a variety of templates[53]. This limitation of PCR can 

produce false negative results. Such inefficiency in diagnosis may 

cause delay in treatment of patients. It was found in a study that the 

detection of herpes simplex virus was often missed in PCR detection 

when present in very low levels in cerebrospinal fluid samples[54]. A 

new approach (Amp-PCR) has been developed to improve detection 

of samples containing as little as a single copy of a template. The 

Amp-PCR technique combines phi29-amplification technique and a 

real-time PCR together. The first one amplifies the template randomly 

and unbiased manner which is subsequently amplified by virus 

specific primers. This approach shows 100伊106-fold enhancement of 

PCR signals. Phi29 amplification enriches the template concentration 

preceding the PCR in a single tube reaction which aids detecting 

amounts of template below the detection limit of PCR[55].

2.10. RT-Bst: Combining Bst amplification with reverse 
transcription

  An integrated approach for reverse transcription along with Bst 
DNA polymerase amplification was reported by other researchers 

for isothermal amplification of RNA sequences of the pathogenic 

viruses of the respiratory system[56]. The advantage of this method 

is that it initially enriches the cDNA concentration in the test sample 

which improves subsequent detection of virus specific sequence 

by PCR. This approach was applied on nasopharyngeal samples 

and demonstrated improved detection of RSV which could not be 

detected by RT-PCR alone[57]. This approach has potential to be 

used as a commercial kit for enrichment of RNA templates to cDNA 

copies especially when they are below detection level for RT-PCR 

technique. 

3. Important aspects of molecular detection for 
pathogenic viruses of the respiratory system

  Interpretation on the results of molecular detection for pathogenic 

viruses of the respiratory tract is critical for accurate diagnosis of 

infections of the respiratory tract. Several important factors need to 

be considered before interpretation of the result of molecular tests 

such as, viral shedding and virus concentration.

3.1. Viral infection and shedding

  Collection of patient samples during the early stage of infection is a 

prerequisite for reliable diagnosis of the respiratory tract infection[58]. 

The incubation period, infection period and mode of transmission 

of respiratory tract viruses can vary for different viruses. Strong 

association between presence of 15 viruses and the duration of 

symptoms was observed in a previous study on analysis of respiratory 

tract samples of patients[59]. Patients having symptoms of six days or 

less could be detected more easily (51%) compared to those having 

symptoms of seven days or more (30%, P<0.01)[60]. In another study 

on symptoms of respiratory tract infection, it was found that the 

threshold cycle (CT) values increased in real-time PCR detection as 

the duration of symptoms persisted in such patients[60]. CT value is 

a cut off value where the fluorescence generated within a reaction 

crosses the background fluorescence. Background fluorescence 

is determined from the fluorescence produced by a no template 

control. The CT value is inversely proportional to the template 

concentrations in quantitative real-time PCR reaction. These results 

of real-time PCR detection suggest that concentrations of viruses 

decrease gradually after the onset of infection[60]. In a similar study 

it was found that concentration hRV declined slowly and could still 

be detected after 10 days of infection. In other studies, hRV and hEV 

were found to shed from respiratory mucous for several weeks and 

bocaviruses were found to shed for several months[61].

3.2. Significance of a positive result in a molecular method

  Molecular diagnostic tests were reported to be more sensitive than 

old techniques, such as culture and immunofluorescence[58,62]. 

However, a positive result may indicate a carrier state and misinterpret 

active infection state. In a previous study, hRV and influenza A virus 

infected cases showed 2% and 6% carrier state, respectively[63]. 

Presence of hRV in healthy children was also found to be associated 

with asymptomatic carriage or prolonged shedding of the virus[64]. 

In another study, hRV could be diagnosed by PCR for two weeks 
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following infection or more than two weeks after appearance of 

symptoms[60]. Immunocompromised patients may not show any 

clinical symptoms but shed a detectable amount of respiratory tract 

viruses, for example, RSV[65]. Some other viruses such as human 

bocavirus can be secreted for several months[66,67]. Quantification 

of pathogenic viruses in clinical specimen can help determine the 

true causative agents by determining and comparing the CT values of 

different agents[68]. Use of a panel of viruses can be more helpful for 

detection of multiple infections or for reconfirmation of a negative 

result. In such studies, Influenza A and human respiratory syncytial 

virus are strongly associated with clinical symptoms compared to 

other viruses, thereby detection of low level of these viruses may be 

of clinical relevance. However, it is necessary to pursue more clinical 

studies in order to standardize a quantitative molecular method to 

define cut-off level for different clinical situations. Quantitative 

assay using molecular methods will be more useful if specimens are 

collected from nasopharynx and/or oropharynx in the beginning of 

infection containing high titre of viruses[59].

4. Unbiased approach for detection of a panel of viruses 

  Respiratory system acts a transit for a number of viruses including 

pathogenic ones. A total of 200 viruses have been identified and 

reported to be associated with the infections of respiratory system[69]. 

A number of new virus types have been reported since 2000, for 

example, human metapneumovirus, avian influenza viruses (H5N1, 

H7N7 and H7N3), human CoVs NL63 and HKU1 and severe 

acute respiratory syndrome CoV[15,69]. Respiratory tract infections 

can cause mild infection such as, self-limiting upper respiratory 

tract infection to more serious lower respiratory tract infections. 

Conventional methods e.g. culture and immunofluorescences are 

still used in diagnostic laboratories for diagnosis of viruses of the 

respiratory tract but they are often laborious, time consuming and 

less sensitive than molecular methods[70,71]. With the development 

of molecular techniques, it is now possible to detect 15-20 different 

viral agents simultaneously through multiplexing. This advantage 

of diagnostic capacity not only increased the detection of viruses 

but also expanded the horizon of our knowledge on aetiology of 

such infections. For example, human respiratory virus and human 

CoV were previously recognized for mild causes of infections in 

the upper respiratory tract infections but have now been found 

to be responsible for severe infections of lower respiratory tract. 

However, most of the viruses of such kinds can show similar clinical 

manifestations thereby showing difficulty in diagnosis of such 

infection based on their symptoms[72]. Multiple viral infections in 

the respiratory system could be detected in 10% of the respiratory 

specimens. These infections were found in patients demonstrating 

severe clinical symptoms[68]. Inclusion of a panel of pathogenic 

viruses of respiratory tract will not only help diagnose infections 

more accurately for appropriate treatment but also reduce associated 

expenses.

5.  Conclusion

  Improvement in the molecular detection methods has revolutionized 

diagnosis of respiratory pathogens compared to those of conventional 

techniques. Variety of viruses in certain concentrations can be 

detected by multiplex detection systems. However, it is essential that 

the diagnostic data are in concordance with the patient symptoms and 

state of infection. Further studies will be required for determining 

the threshold for detecting a healthy carrier state and shedding 

of different viruses from human hosts. Accurate and sensitive 

diagnosis of respiratory viruses is crucial in identification of causes, 

investigation of outbreaks, transmission, control and prevention 

of viral infections. Proper management of patients and reduction 

of costs for diagnosis of pathogenic viruses will depend on the 

development and application of novel molecular approaches.
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