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Currently, different highly sensitive nucleic acid detection-based protocols used in medical diagnostic laboratories need 
specific working conditions, and if no optimization is performed, misleading results can be obtained. Limitations of each 
protocol is different in obtaining an appropriate result. Awareness of these limitations plays an important role in providing a 
reliable result for physicians and patients. The present study aims to investigate these limitations.
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Introduction

Polymerase Chain Reaction (PCR) technique 
has faced many developments since its inception. 
These developments not only have been used to 
improve the quality of materials and devices, but 
also the technique itself has undergone many 
modifications (1, 2). The developments have been 
towards quality improvement of the technique, 
increase of its sensitivity and specificity, and 
making it efficient in other laboratory areas, such 
as typing, cost-saving, higher speed in giving 
results (2 or 3 hours), and finally detection of a 
large number of samples at the same time (3).

This technique is based on using a pair 
of specific primers complementary to the 
target genome, Taq polymerase enzyme, and 
nucleotides (4), which are three main components 
of the reaction. Primers are oligonucleotide 
sequences, which by provide the possibility of 
genome synthesis through a series of repetitive 
cycles until the mass of amplified product can be  

 
 
 
detectable in different ways (5, 6).

One of the main characteristics of a test is its 
detection limit that is called “dynamic range”. 
Detection limit or range is different in various 
PCR methods. Therefore, in line with quality 
improvement of the technique, detection limit 
of the test must be considered in addition to the 
parameters, such as reaction speed, cost-saving for 
each test, and good sensitivity and specificity. This 
limit is determined with minimum and maximum 
detection limits. The lowest detectable value of 
the analyte present in the sample and detectable in 
the test, is called “minimum detection limit” (8). 
To obtain the minimum detection limit, accurate 
optimization of the protocol and standardization 
of all involving factors, should be performed. In 
the absence of appropriate optimization, due to 
the interference of various factors, some of the 
samples containing low level of target genome 
may be reported as negative, which are actually 
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false-negative. The number of reported false 
negatives in this condition depends on the lowest 
detection level of the test. Moreover, it should be 
noted that the conditions provided for the PCR 
reaction, support the amplification of a certain 
number of product. It should also be noted that 
the sensitivity of the test is completely different 
from detection level. The level of test sensitivity 
is basically defined by ability of the test in 
detecting different known types of an organism.

If a protocol is not able to identify come 
types, it have not sufficient sensitivity to identify 
the organism. In the case of no optimization, 
the protocol will not even be able to detect this 
number of types. According to this definition, 
detection limit of the test is used for detectable 
types. In the case of no optimization, the protocol 
cannot detect this number of types.

An appropriate sensitivity depends on the initial 
design of the protocol and selection of proper 
primer sequences, but the range of detection 
level is dependent on proper optimization of 
the amplification conditions. In addition to the 
effect of optimization on the detection level, 
improvement of product detection methods also 
has a significant impact on the process (9).

One of the main objectives of researchers 
in designing different types of protocols is to 
improve the detection level and the power of 
the test in detecting the lowest level of genome 
in samples (10, 11). In previous articles, we 
discussed the errors in samples and the abilities 
of different genomic purification methods (12). 
Given that this technique is implemented as 
different laboratory protocols (13), in this study, 
we aims to discuss advantages and limitations of 
these methods after explaining each procedures 
and to present a clear picture of their application.

Different employed protocols

Routine PCR method: This technique is 
a simple PCR method, which is performed the 
same as introduced about two decades ago, 

and the amplified product is evaluated by gel 
electrophoresis. In the case of appropriate 
amplification, the product mass that is at least 
1-10 ng of genomic DNA, should be visible in 
a certain situation. Most of the kits available in 
the market are introduced this way due to their 
simple set up instructions.

This method has some special limitations and 
advantages. One of the most important limitations 
of this method is high risk of contamination, 
which takes longer time to give the result. In 
this method, amplicons can be easily spread 
over the environment. Hence, isolation of work 
environment from the external environment 
and creation of work disciplines are of great 
importance due to false positive results.

Although, in the early theory, the PCR's ability 
to detect target sequences was introduced to be 
less than 10 per sample, but in different types of 
protocols, researchers could rarely design a test 
that meets this detection level. Currently, the 
detection level of the method is much lower than 
the above-mentioned level, and its sensitivity 
has decreased due to the interference of various 
factors. Lack of use of a standard genomic 
purification method, using low-quality materials, 
and no optimization of the test, are some of the 
important influencing factors. However, test 
sensitivity will decrease with small changes 
in working conditions. Therefore, continuous 
quality control of used facilities should be taken 
into consideration (14).

In the case of using this method for detection, 
it is recommended that in addition to the use a 
secondary protocol as an internal control, the 
positive control be used at the minimum level 
capable of becoming positive. In this case, only 
the probability of contamination is reduced, and 
also the likelihood of observing low-quality 
extraction process and/or used materials, are 
determined.

 
PT-PCR technique: PCR technique has been 

principally designed to amplify a DNA segment. 
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Therefore, in cases in which the detection target 
is cellular mRNA and/or RNA genome viruses, it 
is necessary that at first the RNA is converted to 
DNA (complementary DNA or cDNA), and then
PCR reaction is performed.

  In this method, at first, synthesis of cDNA is 
performed using a specific primer and/or a random 
hexamer primer and a reverse transcriptase 
enzyme. Then, the target genome was amplified
in the PCR process. In addition to the limitations 
and advantages of the routine PCR method,
the sensitivity of working with RNA imposes 
additional limitations on the experiment (15).

Multiplex PCR: In this method, several pairs
of primer are used for different target molecules
in the reaction mixture. Such a method can be 
theoretically used for simultaneous amplification 
of sequences of several pathogen microorganism 
in a reaction mixture (16). This method can be
useful for clinical laboratories. Relative decrease 
in sensitivity is one of the limitations of this
method in comparison with single PCR method. 
Using this method for the tests designed for 
human genome may pose no significant problem,
but using it for detection of the infectious
agents requires an accurate primer design and 
comprehensive optimization of the test (17).

  Nested PCR: In this method, several 
amplification cycles are performed using a set 
of primers (18), and then the product of the 
amplification is reamplified using a set of primers 
internal to the sequence of the first product (19).
The method is highly sensitive, but has some
limitations. After performing the first stage, the 
products should be transferred to a new tube and/
or the materials of the second stage are added to it,
which in both cases it is necessary to open the cap 
of the tube. Such limitations might be overcome
through physical separation of the reaction
mixture from the first and second sets of primers 
by creating an oil phase. After amplification by 
the first set of primers, the separated phases are 
mixed and their content is amplified by the second
set of primers. The primers of the first stage can be

  

genus- or species-specific. This method is used to 
differentiate different species and genotypes(19). 
If addition of the sample to reaction mixture in 
the second stage, is performed in a space out of 
the initial and electrophoresis space, the spread 
of amplicons and risk of contamination will 
decrease. 

PCR hybridization method: This method is 
used to increase the detection level of the test and 
to improve its specificity. It is based on providing 
necessary conditions for hybridization of a 
specific probe to PCR product of the first stage 
(20). Since the probe is labeled, it can be easily 
detected. The risk of environmental contamination 
is high in this method, but its detection level is 
far better than the previous methods. In addition, 
by designing different probes, this method can 
be used as a genotyping method (21). To reduce 
the risk of contamination, all post-amplification 
procedures should be performed outside the 
initial space (22).

PCR ELISA method: This method has been 
integrated with ELISA method to increase the 
detection level of the test and to quantitatively 
determine the number of genomes in the sample. 
At first, the two PCR-produced DNA strands are 
separated from each other, hybridized with biotin-
labelled probes, and transferred to streptavidin-
coated microtiter plates.

Specific affinity of streptavidin to biotin causes 
the strand-probe to bind to the wall of microtiter 
plates. Then, the result of the reaction can be 
observed and measured by enzymatic reactions, 
after adding the genome. Quantitative evaluation 
is one of the advantages of this method, while 
laborious and time-consuming are its major 
limitations (17).

Fluorescent Amplification-based Specific 
Hybridization method: This method is based on 
using a specific probe that is hybridized to the 
target strand at the same time as the primers. Two 
ends of the probe are labeled with a fluorophore 
(as a reporter) and a quencher. This probe 
normally form a loop due to the presence of 
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complementary bases at its two ends (23, 24).
In the absence of complementary sequences in 

the target genome, this loop hinders the radiation, 
so there will be no measurable light. In the case 
of the presence of a specific target strand, the 
probe binds to it, but is degraded due to the 
5'-endonuclease activity of Taq-polymerase 
enzyme, and the fluorophore is released and 
can be quantitatively measured using a detector 
(25). Quencher is made from a material with a 
wavelength beyond the visible spectrum. The 
released labeled material can be measured in a 
certain wavelength according to the dye used in 
the reporter molecule (26). Among the limitations 
of this method, we can refer to unwanted false 
reactions occurring due to radiation of the labeled 
material that is released in different conditions 
(26).

Use of internal control: An internal control 
is used to confirm the actual results and the 
absence of potential inhibitors remaining from 
PCR process, so that the primer not only binds 
to the specific template, but also to a sequence 
that has been added to the kit. This sequence 
is composed of a plasmid, which is capable of 
producing a longer length product (27). In case of 
absence of specific DNA in the patient’s purified 
sample, this region is amplified and produces a 
larger size product, which is different from the 
main product and detectable and distinguishable 
from the positive control (28). In the case of 
the presence of primer-specific DNA, it will be 
amplified more than the internal control due to 
its smaller size. A system similar to the main 
probe system can be used to detect the product of 
internal control, but type of the labeled molecule 
is different and measured at different wavelength 
than that of specific reaction probe (29).

High speed in giving results from the 
beginning of the test, no need for electrophoresis, 
and consequently no spread of amplicons in the 
environment, are some appropriate conditions 
occurrence of no false-positive reactions. Its 
limitation is need for a specific detector to 

measure the wavelength of the labeled molecule 
(29). 

Developed rapid PCR method and real 
time PCR: PCR development process has been 
always towards increase in the reaction speed. In 
addition, use of novel detection methods reduce 
the risk of environmental contamination caused 
by spread of amplicons. In these systems, the two 
above-mentioned purposes have been fulfilled. 
In this method, new types of thermocyclers 
with specific detection system are used, and the 
reaction process can be monitored at any time 
through a computer screen. In the types that work 
based on using LightCycler, faster heat exchange 
can be done due to extremely low volume of 
the reaction mixture and use of capillary tubes. 
Therefore, the whole reaction takes less than half 
an hour, but such a method has its own subtleties 
and complications. In different real-time PCRs, 
the capillary tubes have been replaced with 
specific 0.2 ml volume tubes. The required time 
for the whole reaction is slightly more than 
LightCycler types (30).

Reaction mechanism: In the designed 
protocols, the amount of product is quantitatively 
measured using labeled materials. Using different 
types of labels have made developments in 
the use of PCR. Different methods have been 
investigated and used for measuring the amount 
of the product by labeled materials, including 
SYBR Green dye and labeled probes like in 
PCR-hybridization mechanism and/or in FLASH 
method. Currently, in the designed kits, there is a 
trend to use the mechanism provided for FLASH 
technique. In the provided probes, different 
labeled molecules have been used as the reporter. 
In this system, the internal control is used with 
the same conditions designed for the main 
reaction. In these two reactions, measuring the 
amount of product at any time is possible using 
the genomic standards used through the process, 
and during the PCR process and formation of 
the product, we can monitor the increased level 
of fluorescence, which has been resulted from 
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product accumulation (31).
Quantitative measurement of the product, 

significant reduction of contamination, increased 
speed of the procedure, and no need for the space 
required for post-PCR, are among the advantages 
of this method. Moreover, high cost of test 
performance and need for initial investment are 
some of its current important limitations.
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