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Abstract: Early diagnosis that prevents further expansion of the causative agent and thereby aids 
control and eradication of infectious agents is critical for countries trying to obtain a particular disease 
free status. In these diagnostics speed is paramount, including the assay’s applicability, sensitivity, 
specificity, cost effectiveness and patentability. Real-time Reverse Transcription PCR (rRT-PCR) has 
revolutionized the field of molecular biology and is being utilized increasingly in novel clinical 
diagnostic assays. This technique has been applied for rapid detection of point mutation, drug resistant 
variant and genotyping in several viruses. The combination of excellent sensitivity, specificity, low 
contamination risk, and speed has made this technique an appealing alternative to cell culture or 
immunoassay-based testing methods for diagnosing infectious diseases. rRT-PCR assays are most 
established for the detection of viral load and therapy monitoring. In this review, the usefulness or 
applications of rRT-PCR assays in the diagnosis of some of the important human viral infections have 
been summarized.   
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INTRODUCTION 

 
Real-time Reverse Transcription Polymerase 

Chain Reaction (rRT-PCR) has originated as a powerful 
tool for quantitative nucleic acids analysis [1, 2]. rRT-
PCR techniques are increasingly used to quantify RNA 
viruses for diagnosis [3], the standard for the detection 
and quantification of RNA targets [4] and is firmly 
established as a mainstream research technology [5]. 
This technique is a refinement of the original PCR 
developed by Kary Mullis and co-workers in the mid 
1980’s [5, 6]. It’s potential for high-throughput; together 
with regular introduction of enhanced or novel 
chemistries, more reliable instrumentation and 
improved protocols [7, 8] made it the choice of 
diagnostics. The principle of rRT-PCR assays is as 
follows, the RNA will be reverse transcriped into 
cDNA, and it requires a suitable detection system for 
reporting the presence of PCR products, to monitor the 
amplification in real-time and the software programs 
for quantitative analysis [9]. The amplification is 
detected by detection chemistries which can be either 
probe (specific) or non-probe (non-specific) based, and  
 

 
are discussed elaborately [10]. The gene-specific probes 
labeled for different genomic regions are better utilized 
in diagnosis [11, 12, 13]. In rRT-PCR the amount of 
product formed is monitored during the course of the 
reaction by monitoring the fluorescence of dyes or 
probes introduced into this reaction is proportional to 
the amount of product formed, and the number of 
amplification cycles required to obtain a particular 
amount of DNA molecules [2].  

Some of the advantages of using rRT-PCR are 
as follows, 1] traditional PCR is measured at end-point, 
while rRT-PCR collects data in the exponential growth 
phase, 2] an increase in reporter fluorescent signal is 
directly proportional to the number of amplicons 
generated, 3] the cleaved probe provides a permanent 
record amplification of an amplicon, 4] increased 
dynamic range of detection, 5] requirement of 1000-
fold less RNA than conventional assays, 6] no-post 
PCR processing due to closed system, 7] detection 
ranges down to a 2-fold change, 8] small amplicon size 
results in increased amplification efficiency, and 9] 
Less time-consuming. rRT-PCR can be applied to 
traditional PCR applications as well as new applications 
that would have been less effective with traditional 



Am. J. Infectious Dis., 2 (4): 204-209, 2006 
 

 205

PCR. With the ability to collect data in the exponential 
growth phase, the power of rRT-PCR has been 
expanded into applications such as, a] Quantitation of 
gene expression [14] including NK cell KIR gene 
expression [15], b] Drug therapy efficacy/drug 
monitoring [16], c] Viral quantitation [17, 18], and d] 
Pathogen detection  [19, 20]. To identify new foci of the 
disease, it is necessary to harness diagnostic methods, 
both rapid and sensitive, for differentiating reliably 
field viruses from vaccine strains. rRT-PCR when 
compared to ELISA, RT-PCR and Virus Isolation in 
cell culture, have greater versatility, sensitivity and 
specificity. By using rRT-PCR, the disadvantages of 
conventional PCR methods concerning the risk of 
contamination and the lack of specificity controls are 
minimized. The technique was and is being used in the 
diagnosis of a wide variety of diseases caused by RNA 
viruses in humans and some of them are being 
summarized here. 
 
Applications of rRT-PCR as diagnostic: RNA viruses 
constitute the most abundant group of pathogens in 
man, and are classified according to their RNA genome. 
The low efficiency of proofreading and error prone 
post-replicative repair activities of viral RNA 
polymerases results in high mutation rates, causing 
potential problems for an assay that relies on exquisite 
sequence specificity [10]. The ability of rRT-PCR to 
generate accurate quantitative data has a huge impact 
on the study of viral agents of infectious disease [21].  
 
Positive-stranded RNA viruses: The genome of 
positive-stranded RNA viruses consists of a single 
stranded Sense RNA and carries its own RNA-
dependent RNA polymerase enzyme. The RNA is 
initially translated by the host enzymes and then 
catalyses the synthesis of large numbers of anti-sense 
replicative intermediates which in turn serve as 
templates for the synthesis of a large number of mRNA 
molecules. This group includes some of the important 
pathogens like the entero-, rhino-, hepato-, hepaci-, 
corona-, dengu viruses etc.,.  

The incidence of enterovirus infections was 
studied with the help of rRT-PCR using blood, feces, 
and cerebrospinal fluid (csf) samples collected from 
infants and the assay finds efficient in appropriate 
diagnosis of enterovirus infection [22, 23]. The detection 
of the enterovirus genome in csf has proved to be more 
sensitive than traditional cell culture. Hence, a one-step 
rRT-PCR assay developed with LightCycler (LC) 

technology allowed the detection of enterovirus in csf 
in 3 hrs as opposed to 36 hrs of regular RT-PCR assay 
[24]. In another study, a single-tube, rRT-
PCR/hybridization assay using TaqMan with LC 
technology was optimized for enterovirus screening that 
was carried out in 2 hrs [25]. Enterovirus 71 (EV71) is 
one of the main causative agents of hand, foot and 
mouth disease in young children [26] and a rapid rRT-
PCR hybridization probe assay targeting the VP1 
region of EV71 showed that the assay could be applied 
for specific detection of EV71 directly from clinical 
samples [26]. 

The rhinoviruses are the major causative agent 
of common cold affecting the human respiratory 
system. The initial detection of rhinovirus was carried 
out by VI in cell culture which was further improved by 
the use of RT-PCR assays.  Further, the rRT-PCR assay 
increased the detection sensitivity to 10-fold that of the 
conventional RT-PCR assays [27]. Simultaneous 
detection and quantification of both the enteroviruses 
and rhinoviruses was carried out efficiently by rRT-
PCR assay [28].  Diagnosis of Hepatitis A and C viruses 
(HAV, HCV) employs rRT-PCR assays for rapidity and 
accuracy. In a one-step rRT-PCR Taqman assay to 
quantify the 5' non-coding region of HAV [3], for 
routine genotyping of HCV [29, 30] and a multiplex 
quantitative rRT-PCR assay for simultaneous detection, 
identification and quantification of hepatitis B virus 
(HBV-DNA virus), HCV and human 
immunodeficiency virus type 1 (HIV-1) in plasma or 
serum samples using flourogenic probes showed 
increased sensitivity and accuracy [31, 32], which proves 
its potentiality to be used for large-scale nucleic acid 
testing of blood donations [30].  

Severe Acute Respiratory Syndrome (SARS) 
is a highly infectious disease with significant morbidity 
and case fatality. The outbreak of SARS was caused by 
a newly identified coronavirus SARS-CoV in 2003 [33]. 
Although conventional RT-PCR is useful in the 
identification of the SARS virus, the assays were not 
sufficiently sensitive in diagnosing the conditions in the 
first few days after disease onset, which is the period 
during which laboratory diagnosis is most relevant for 
patient care [10]. Hence, rRT-PCR-based diagnostic 
assays were rapidly developed [34, 35] with improved 
specificity of 100% in samples collected from 1–3 days 
of disease onset [36, 37]. Recently, quantitative 
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measurement of blood SARS CoV RNA using rRT-
PCR showed a detection rate of 80% as early as day 1 
in hospital patients [33]. The absolute quantitation of 
human coronaviruses OC43 and 229E [38], 
simultaneously detection of nucleo-capsid, membrane, 
and spike genes of SARS-CoV with same PCR 
conditions [39] and the improved sensitivity of the 
recently established real-time loop-mediated 
amplification systems. Poon et al., [40] concluded that 
the assays might be a possible solution for on-site 
diagnosis for SARS Co V detection.  

Dengue fever and dengue hemorrhagic fever 
(DHF)/dengue shock syndrome are important human 
arboviral diseases caused by infection with one of four 
closely related but serologically distinct viruses, 
designated as DEN-1, 2, 3, and 4 viruses [41]. Since 
there is no protective vaccine or specific treatments 
available for dengue fever/DHF, accurate diagnosis is 
critical for the early initiation of specific preventive 
health measures to curtail epidemic spread and reduce 
economic losses [42]. Typing of dengue virus is crucial 
for epidemiology and study of pathogenesis. Hence, 
highly sensitive and accurate diagnostic tools are 
essential. A serotype-specific, fourplex rRT-PCR assay 
is being used as a method for differential diagnosis of a 
specific dengue serotype in viremic stage [41]. Another 
rRT-PCR assay targeting the 3’-untranslated region of 
this virus using SYBR Green I as the detecting system 
was used to identify all four types [43].   
 
Negative-stranded RNA viruses:      The genome of 
negative-stranded RNA viruses consists of single-
stranded anti-sense RNA. These are transcribed into 
sense-strand mRNA by RNA-dependent RNA 
polymerases carried by the viruses themselves. This 
group includes the measles, mumps, influenza, 
respiratory syncytial virus and parainfluenza virus types 
1–4 [10] which cause respiratory infections of the upper 
and lower respiratory tract in infants and young 
children and some other viruses producing viral 
hemorrhagic fevers (VHFs). VHFs are acute infections 

with high case fatality rates. The important agents 
causing VHFs are Ebola and Marburg viruses, Lassa 
virus, Crimean-Congo Hemorrhagic Fever virus, Rift 
Valley fever virus and the positive strand RNA viruses 
like Dengue virus and Yellow Fever virus. Since VHFs 
are clinically difficult to diagnose and distinguish, a 
rapid and reliable laboratory diagnostics are needed for 
suspected cases. Hence, a one-step, rRT-PCR assay 
using the superscript reverse transcriptase-Platinum Taq 
polymerase enzyme was established for the detection 
and quantification of Ebola viral RNA and the assay 
proved very effective in detecting Ebolavirus in 
patient’s serum, plasma, and whole blood [44]. The assay 
was also used to determine the viral load in multiple 
samples from patients with fatal and nonfatal cases. 
Furthermore, rRT-PCR was applied for testing the 
potency of the antivirals against the highly pathogenic 
Ebola virus [45]. Another group of viruses causing 
hemorrhagic fever are Hantaan viruses and their various 
types (Dobrava, Hantaan, Puumala, and Seoul viruses). 
rRT-PCR assay was developed which is useful for 
diagnosing and differentiating these four Hantaviruses 
[46]. A fast method using quantitative rRT-PCR assay 
has been developed to measure the potency of measles 
in trivalent measles, mumps and rubella (MMR) 
vaccines and validated to estimate the actual viral 
antigen load in the vaccine [47].  
 
Double-stranded RNA viruses: This group of viruses 
has a segmented double stranded (ds) RNA genome, 
together with a RNA-dependent RNA polymerase that 
transcribes each of the ds RNA molecules into an 
mRNA [10]. This group includes the most important 
human rotaviruses which cause gastro-enteric problems 
in infants and young children. The enhanced sensitivity 
and a lower risk for cross-contamination in rRT-PCR 
makes it a useful tool for the detection of rotavirus in 
various situations including sporadic gastroenteritis, 
outbreaks, and environmental investigations [48]. A 
competitive rRT-PCR [49] and a semi-quantitative rRT-
PCR assays [50] using SYBR Green I dye was developed 
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to detect and to quantitate the RNA of group A 
rotaviruses, and to estimate the rotavirus load in 
diarrhoeal samples, respectively. These assays were 
very efficient as it could detect even small amounts of 
viral RNA of group A rotaviruses in clinical samples 
obtained from humans. 
 
Retroviruses: Nucleic acid extraction by magnetic 
micro beads followed by rRT-PCR founds to be a 
reliable, sensitive, rapid and simple procedure to 
quantify HIV-1 RNA in breast milk samples [51]. 
Monitoring the plasma RNA viral load in HIV-1 group 
O infection was found to be difficult before the same 
has been carried out by rRT-PCR assay [52].  

 
CONCLUSION 

 
The newly established methods must be 

standardized to maintain high quality laboratory 
performance. Laboratory diagnostics must be tailored to 
a specific laboratory environment, the objectives of 
clinical needs and the availability of clinical specimens. 
Speed and accuracy of diagnosis must be balanced 
against test cost and availability. Future challenges in 
the study of human viral diseases include the 
application of modern techniques, such as nucleic acid 
chips, protein chips and new biomarkers to avoid cross-
reactivity among different samples, strains or serotypes, 
as well as development of internationally standardized 
guidelines to improve quality assurance of these 
advanced laboratory tests. 
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