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 We are living in the viral world. Smallest the organism and greatest the disease. Virus is non 
living when present outside but living when present when present inside the cell. There are many 
types of viruses that cause a wide variety of viral diseases. The diagnosis of viral infection remains a 
major challenge in developing therapeutics. The clinical diagnosis provides state of the art for 
developing diagnostics for treatment (1). The main hurdle in developing diagnostics for the virus is 
their genome nature and high-level genome plasticity (2). To develop diagnostic for viral infection, 
there have been tremendous efforts have been over a period of several decades. The microscopy 
remains a major tool for morphological identification and validation of viruses. The advancement of 
cutting edge microscopy including electron microscopy, confocal microscopy, and scanning probe 
microscopy provide ease in identification and characterization of these intracellular pathogens (3). 
There have been continuous developments in Transmission electron microscope (TEM), scanning 
electron microscope (SEM), Atomic force microscope (AFM), scanning near-field optical 
microscope (SNOM), X-ray microscope, and ultrasonic microscope to enhance viral diagnosis (4). 
 
 
 
 
 
 
  

  
 
 

 

 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 

 
 
 

 
 

 

 
 

 
  

 
 
 

INTRODUCTION 
 

The morphological and physical characterization of viral 
particles provides only a basic knowledge about these 
intracellular pathogens (5). Hence, these techniques largely fail 
in identifying a molecular signature for viruses. As mentioned 
above viral genome possesses a great level of plasticity, and 
hence molecular identifications are essential to developing 
diagnostics (6). The molecular diagnosis also depends on the 
biochemistry of viral genetic material. The DNA and RNA 
viruses are entirely different in their genome and flow of their 
genetic information (7). Hence, it’s very difficult to develop a 
common diagnostic for both the category. The nature of viral 
capsid is also an important parameter in developing diagnostics 
as each class of viruses’ possesses different pattern and nature 
of protein expressing on the surface of viruses (8). Addition to 
molecular diagnosis, genome itself is being used as a potential 

target for the development of diagnostic devices. Now a day’s 
genome sequencing and sequencing-based diagnostic devices 
are common not only in case of virus infection but also 
microbial infection as well. The genomic sequence-based 
diagnostics are accurate and effective and provide in-depth 
knowledge and information of pathogen (9). There are several 
variants in genomic-based diagnostics using PCR and Real-
time PCR based technologies for the determination of viral 
load in the infected cell (10). 
 

The microscopic and antibodies based assays are key 
diagnostic methods under conventional approaches (11). These 
approaches are effective and reliable in preliminary 
identification of viral infections and also act base for molecular 
and other advanced diagnostics (12).  
 

Throughout the history of clinical diagnosis, microscopy 
remains a major analytical tool in biology and medical 
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applications. The use of microscopy is versatile and had a wide 
range spectrum in microscopic examination of the virus and 
other microscopic pathogens associated with human diseases 
(13) Since most of the viruses are much smaller than normal 
microbes in their size and hence light microscope are used for 
preliminary studies (14). 
 

The antibodies are raised against particular antigens. These 
raised antigens are conjugated with fluorescent tags and allow a 
reaction with virus-infected cells (15).  
 

Electron microscopy is one of a most powerful microscopic 
tool for the microscopic organism and virus diagnosis. 
There is two major variants in electron microscopy one 
scanning electron microscopy (SEM) and second transmission 
electron microscopy (TEM). It detects virus particle, which is 
further characterized by their size and morphology (16).  
 

Serological procedure for the laboratory diagnosis 
of Viruses help us to know the diagnosis. A rise in antibody 
titer to the virus can be used to diagnose viral infection.  If the 
antibody titer in the convalescent phase serum sample is at least 
four-fold higher than the titer in the acute phase serum sample, 
the patient is considered to be infected (17). For the diagnosis 
of Hepatitis virus infection, HBsAg (Hepatitis viral surface 
antigen) or HBeAg (Hepatitis virus e antigens) can be detected 
(18).  Detection of viral nucleic acids is one of the sensitive and 
rapid methods for the laboratory diagnosis of the virus (19). It 
requires the use of PCR (polymerase chain reaction) to amplify 
the viral genome present in the sample and the detection of the 
specific gene sequence of that particular virus by the use of a 
specific primer (while performing PCR) and probe (while 
detecting the specific sequence) (20). The growth of virus in 
the cell culture may produce a characteristic cytopathic effect 
(CPE) which helps us for presumptive diagnosis (21). If that 
particular virus does not produce the cytopathic effect, but,can 
be detected by several other techniques such as 
Immunofluorescence assay (e.g., DFA, IFA), 
Radioimmunoassay (RIA), Hemadsorption, decrease in acid 
production of infected cells, ELISA, Complement fixation, 
Hemagglutination inhibition method, Neutralization, etc (22). 
  

History and Mechanism 
 

The scientific study of viruses and the infections they cause – 
began in the closing years of the 19th century. Although Louis 
Pasteur and Edward Jenner developed the first vaccines to 
protect against viral infections, they did not know that viruses 
existed. The first evidence of the existence of viruses came 
from experiments with filters that had pores small enough to 
retain bacteria. In 1892, Dmitry Ivanovsky used one of these 
filters to show that sap from a diseased tobacco plant remained 
infectious to healthy tobacco plants despite having been 
filtered. Martinus Beijerinck called the filtered, infectious 
substance a "virus" and this discovery is considered to be the 
beginning of virology. 
 

Louis Pasteur (1822–1895) was unable to find a causative 
agent for rabies and speculated about a pathogen too small to 
be detected using a microscope. In 1884, Dmitry 
Ivanovsky (1864–1920) studied tobacco mosaic virus. Paul 
Frosch (1860–1928) discovered the cause of foot-and-mouth 
disease. 
 

From the 1950s to the 1960s, Chester M. Southam, a prominent 
virologist, injected malignant HeLa cells into cancer patients, 
healthy individuals, and prison inmates from the Ohio 
Penitentiary in order to observe if cancer could be transmitted. 
It was not until the invention of the electron microscope in 
1931 by the German engineers Ernst Ruska (1906–1988) 
and Max Knoll (1887–1969), that virus particles, especially 
bacteriophages, were shown to have complex structures.   
 

Significant Gap in Reseach 

 

The major issue with conventional approaches in the detection 
of viral load in an infected cell is low resolution of microscopic 
techniques. The light and confocal microscopic techniques are 
efficient in microbial profiling but fail to profile viruses 
precisely. However, electron microscopy has an advantage over 
light and confocal microscopy as a higher resolution but still 
there are several viruses which are out of range of electron 
microscope as well (23). The antigen-based diagnostics are 
effective but in case of viruses the genome has a high 
probability of plasticity, and hence antigens remain changing. 
In such case, identification of suitable antigen and raising 
antibodies for ELISA and UV based microscopy find 
limitations. On several occasion, viruses remain in a dormant 
stage in the infected and hence there will not be any antigen for 
ELISA and other techniques. Additionally, viruses are highly 
dynamic in presenting their protein as antigens which further 
create a hurdle in ELISA based techniques (24). In case of HIV 
infection, it has been reported that for several years HIV 
viruses can live in a dormant stage based on host immune 
response and hence ELISA often seems negative though the 
patient is a carrier for HIV viruses. In the most of clinical 
laboratories still, we depend on ELISA based identification of 
HIV load in the infected in the case of blood transfusion (25). 
The serological protocols are quite complicated as viruses are 
quite difficult to grow and require a precise host for their 
replication. Similarly, the immunofluorescence assay depends 
on the growth of viral particle and their characteristic 
cytopathic effects (26). Often it has been reported due to many 
reasons viruses fail to grow even after providing recommend 
host and other growth supplements. 

 

Major Advances and Discoveries 
 

The modern approaches for diagnosis of viral infections 
associated with diseases to human largely depend on the 
molecular profiling and genome sequencing analysis. The 
polymerase chain reaction (PCR) and its applied variants are 
key tools in modern viral and other molecular diagnostics (27) 
and minimal exposure to infectious material, rapid turnaround 
time, and a high throughput (28).  The real-time RT-PCR is the 
most widely used method due to moderate skill level 
requirement and relatively inexpensive and rapid sample 
screening. However, the final choice of AI detection method 
depends on laboratory capacity and set-up (29). The major 
drawback of all mentioned assays is the high start-up cost of 
equipment. The other disadvantage is that the reported methods 
were only validated with propagated AI strains. To ensure 
sufficient efficiency and reliability, all new assays must be 
thoroughly field validated. Nevertheless, a positive result 
obtained using molecular-based tools is very important for an 
immediate response, although must always be supported by 
virus isolation (30). These methods are effective in the 
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determination of viral load in the infected cell. In the category 
of modern approaches, PCR based methods and Genome 
sequencing methods are highly popular are in clinical use. The 
PCR based methods for virus diagnosis fall in the following 
categories 
 

Multiplex PCR, Real time PCR, Reserve Transcriptase PCR 
PCR-based techniques are the most commonly used methods in 
avian influenza diagnostics. The conventional reverse 
transcriptase PCR (RT-PCR) assay and the real-time RT-PCR 
assay are used to identify influenza virus strains (31). The 
diagnostic application of real-time PCR technology offers 
advantages over the conventional RT-PCR method. 
  

Numerous real-time PCR-based diagnostic assays have been 
reported to date. When validated with various samples, the 
assay showed higher sensitivity than a PCR assay with the 
TaqMan probes (33).  By and large, RT-PCR-based techniques 
currently are the major diagnostic tool due to simplicity and 
reliability (34). 
 

This method enables the detection of target proteins by ligated 
DNA strands, which are then amplified in a real-time PCR 
(35). Despite the fact that it is a recently established technique, 
it holds a promise as an alternative assay for protein 
measurement in complex biological samples with a detection 
limit in the low femtomolar range (36). 
 

The early virus detection achieved by reliable, rapid techniques 
and viral DNA sequencing plays an important role in the 
successful prevention of the disease.  
 

PCR reaction, followed by rapid sequencing that covers the 
cleavage site of HA gene (37).  For example, a microarray with 
a clinical sensitivity of 95% and clinical specificity of 92% 
when validated against A/H5N1, A/H3N2, and A/H1N1 viral 
strains has been published. Another type of microarray, a low-
density microarray, also deserves mention (38).  However, the 
presence of multiple steps involved in these assays, like several 
amplification steps, probe labeling and incorporation of 
conjugated nucleotides into DNA makes them labor-intensive, 
time-consuming, and extremely costly (39). Additionally, the 
necessity of optimization of parameters and numerous primers 
design presents scientists with a challenge. Therefore 
microarray techniques come second to RT-PCR. 
 

With the novel, cutting-edge technology in molecular and cell 
biology development of diagnostics gained a new momentum. 
The genome sequencing offers a complete information and data 
analysis to design new diagnostics for a candidate virus. There 
are several approaches for genome sequencing either 
conventional means, i.e., using chain termination or Sanger 
method. Further, next-generation sequencing (NGS); 
metagenomics has been established for complete genome 
sequencing and rapid methods for virus diagnosis as well (40). 
Efficient study design for accurate detection relies on the 
optimal amount of data representing a significant portion of a 
virus genome. The NGS has several advantages over 
conventional sequencing methods including ease in data 
analysis; complete genome sequencing, sequencing of lost and 
fragmented genome parts, etc. The NGS database is also 
helpful in comparison of genome sequence and study of 
phylogenetic analysis as well (41). 

Here, clinical diagnosis is crucial not only in profiling and 
documenting infecting virus but also in making guidelines to 
minimize infections (42).  
 

Human immune deficiency virus (HIV) infection that is widely 
distributed cause acquired immune deficiency syndrome 
(AIDS). It has been more than 30 years of HIV discovery and 
associated diseases to human we stand nowhere in a complete 
cure for AIDS. Hence giving more emphasis to prevention is 
more economical and effective (43). Similarly, in case of flu 
including influenza and swine flu prevailing and spreading 
rapidly are having a major concern. There is several other 
contagious viruses’ infection affecting a large number of 
human populations causing a threat to global health and 
increasing diseases burden as well.  In case of co-infection, it 
becomes more difficult to study and understand nature of 
virulence genes and factors for prevention protocols. 
  

Ideas where the research go next? 
 

Similar to the diagnosis of viral infections the management of 
diseases caused by viruses is quite difficult. There are several 
approaches to the management of viral diseases. The 
antiretroviral therapy is most advanced and effective way for 
management of diseases caused by RNA viruses. The 
management of viral diseases is based on many factors 
including nature of their genetic material, flow, and processing 
of genetic information, mechanism of infections, based on 
virulence gene/s and host-pathogen interactions. These factors 
are a key target for drug developments in case of virus-based 
diseases. In general, a virus has few common events in its life 
cycle and act as a target for drug development including 
attachment, injection, reserve transcription, lysis, and release. 
The available drugs are designed based on one and or multiple 
targets. The genomic mutations and target for molecular events 
including replication, transcription and translational. 

 

Additionally, retroviruses have one additional molecular 
biology events reserves transcription also a key target for drug 
development (44). However, it’s very difficult to target listed 
targets as viral genome and proteins are highly unstable due to 
constant mutations in the genome. Additionally, viruses are 
very difficult to predict and understand for their life cycle 
as well either lytic or lysogenic. The surface proteins are highly 
conserved and specific for host and finding a suitable target for 
these proteins is crucial in drug development. Viruses do not 
have their metabolism and utilize host cellular machinery for 
replication and hence targeting molecular events may affect 
host cell as well. There is another challenge in viral base 
disease management; drug delivery against the virus. As virus 
do not exist as a single cellular entity and in most of cases 
drugs are designed to target infected cells. There are difficulties 
to distinguish virally infected cell and healthy cell if the virus is 
in dormant stage (45). These are approaches used in the drug 
development and management of virus-based human diseases 
and disorders. 
 

Current Debate 
  

The clinical diagnosis of viruses remains a major challenge and 
rigorous task and challenge in modern diagnostics. Over a 
period of decades, several biological tools implemented in the 
diagnosis of viral load in a cell.  In recent time, polymerase 
chain reactions based techniques have shown tremendous 
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promise in early diagnosis of viral load in an infected. The 
multiplex PCR and real-time PCR are most valuable and 
accurate tools in modern molecular biology not only viral load 
determination but also many other diseases as well. The nature 
of virus genome and its complex life cycle is a major challenge 
even in present time disable development of single and 
common diagnosis method.  
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