
ABSTRACT
Infectious diseases, which introduced huge public health and financial problems, have been a concern in
medical societies since the 1950s. Routine studies are currently carried out based on cell culture, serology
and biochemical techniques for laboratory diagnostics of infectious agents. Cell culture-based approaches
are mostly applied in laboratories and are less sensitive than serological and molecular methods. The
development of molecular techniques, especially in the field of polymerase chain reaction, revolutionized
the diagnosis of infectious diseases (PCR). Extensive application of science has provided high sensitivity
and ease, with which PCR can identify known genetic sequences. A variety of molecular experiments are
focused mainly on what has been described, including in real-time PCRs, multi-plex PCRs, LAMP-PCRs
and digital PCRs. This research studies will identify active infections such as arboviruses, sexually
transmitted diseases and bacterial infections through the identification of infectious agents and nucleic
acids via PCRs methods. There must be stronger molecular science to enhance infectious agent detection
capabilities to track the spread of infectious diseases and take appropriate measures to support patients
and the health workers themselves.
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1. INTRODUCTION
Pathogenic microorganisms such as microbes,
viruses, parasites or fungi cause infectious diseases
(IDs), and these diseases may spread from human
to human, directly or indirectly.Since the first half
of the last century, technological development in
the biomedical field, including the manufacture of
medication, vaccines and state-of-the-art sanitation
technology has been taken as part of infectious
disease control or prevention. Infectious diseases
are among the world's most prominent public health
issues.The significance is seen by the number of
individuals involving these pathologies due to lack
of information on their infectious substances and

their socio-economic effects. Adetailed molecular
diagnosis analysis and public health research on
thestrategies of diagnosis are also observedfor early
identification of both the symptomatic carriers and
the advancement of diagnostic technologies.

Culture developments, technologies and the micro-
organisms itself have helped to evolve new
pathogens, to reappear previously regulated diseases
and to develop antimicrobial resistance. The World
Health Office (WHO) estimates that IDs make up
a large proportion of all identified human diseases
and an estimated 25% or more of the world's nearly
60 million deaths per year were attributed to
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infectious diseases1,2.

Scientific experiments offer insight into the
development of detection tests for certain illnesses
and infectious agents, cure medications and
preventive vaccines. Previous, specific and efficient
diagnoses are one of the better means of treating
them. According to Yang & Rothman in 2004, about
5 million infectious cases are registered per year in
American hospitals. Besides, most of the cases have
not been registered, leading to severe morbidity and
death3. For the past twenty years, 16S rDNA
computing methods have been commonly used rather
than traditional cultivation methods.

Unfortunately, considering the reality that these
studies suffer from slower processing period from
time to time in the clinical laboratories, diagnose
infectious diseases are closely related to the time of
pathogens detection by traditional methods of culture.
Drawbacks of traditional diagnosis include extra
research criteria and waiting periods for diagnosed
pathogens (i.e., Species discernment, virulence
factors, and antimicrobial resistance)3 , 4 .

Amplification of nucleic acid is one of the most
useful methods for diagnosing infectious diseases
in nearly every field of life science, including
applications, such as clinical medicine.
The serological approaches are constrained by the
fact that the cross-reactions between different agent
forms are not simple enough, and certain infectious
agents need to be specifically clinically diagnosed
with epitopes. Moreover, IgM-specific antibodies
can only be observed at an acute infection level and
serological tests are inaccurate, labour intensive and
inefficient to diagnose infections. In the last twenty
years, nucleic acid-amplified diagnostic techniques
have been used as a new tool for diagnosing human
diseases such as viruses, bacteria and parasites
throughout the life sciences.

In multiple clinical samples, such as plasma, serum,
semen, vomit, and liquid CSF, use of amplification
methods, such as PCR, has been commonly used to
detect, genotyped, measure viruses and bacteria

(CSF).

PCR-based diagnostics for a wide variety of
microorganisms have been effectively established.
PCR is advocated by infectious disease specialists
for detection of species not cultivable in vitro or in
instances where there is a lack of sensitive and/or
a need for prolonged incubating techniquesbecause
of its unbelievable sensitivity, accuracy,
reproducibility, large dynamic ranges and speed of
amputation.5

Advancement of molecular technology and
diagnostics parameters have improved the knowledge
of aetiology, pathogenesis and molecular
epidemiology of the IDs that provide a framework
for sufficient diagnosis, assessments of prevention,
regulation and rational design of vaccinations to
eradicate those diseases effectively.

After 1985, several PCR amplification-based
techniques, such as PCR (LAMP-PCR), PCR (M-
PCR), real-time PCR and,digital PCR (dPCR) were
built for detection and identification.

2. CLINICAL AND PCR APPROACHES IN
INFECTIOUS DISEASE DIAGNOSTICS.
2.1. PCR Multiplex
The use of PCR is often restricted in diagnostic
laboratories by their expense and also by the
provision of appropriate sample volume. A type of
multiplex PCR is available to address these problems
and to improve PCR's diagnostic capabilities
(mPCR). The mPCR refers to the use, by way of
gel electrophoresis, of various couples of primers
to stimulate simultaneously many areas of the nucleic
acid of the sample. The use of multiple pairs in
mPCRs provides valuable cost, time and exact
diagnostic advantages. This technology provides the
principal advantage of reducing the number of
different responses, for example in a single specimen,
to detect multiple pathogens simultaneously, such
as sexually transmitted pathogens.6-8With this
treatment, a variety of diseases can be diagnosed
with a single diagnostic examination, with sensitivity,
speed and accuracy, important values for diagnostic
testing.
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This approach has been a staple in therapeutic and
scientific applications including diseases acquired
sexually (STIs). Provided a big problem with public
health, STIs are widespread in developed and
emerging countries everywhere. About 340 million
new bacterial STI cases are reported to occur per
year, including gonorrhoea, chlamydia, and syphilis,
and in adults aged 15 to 49 years, the prevalence is
growing worldwide.9The vulnerability to sexually
transmitted infections, including HIV, and the high
cost of care has contributed to the need for fast and
effective laboratory pathogens detection techniques.
Nucleic acid amplification procedures were designed
for the identification of sexually transmitted
pathogens, in particular mPCR methods10.

In single reactions, the Multiplex PCR can examine
several samples and is helpful in multipathogenic
infection diagnosis. However, it has a range of
drawbacks, including non-specific materials, which
can compete with amplifying targets, limiting
sensitivity and selectivity of reactions by primary
interaction.

2.2. Isothermic loop-mediated enhancement
In the field of life science analysis, nucleic acid
amplification is also used. Many new molecular
diagnostic methods were developed subsequently
with the advancement of molecular biology11.

The LAMP-PCR was developed over 15 years earlier
and is an effective way to simultaneously detect
several pathogens12-13. The latter has also been an
important tool. The procedure uses a DNA
polymerase with strand displacement operation and
a series of four internal and external primers that
identify six distinct sequences of the target DNA in
total. Besides, the process contains two consecutive
amplification steps with the first step containing the
LAMP and the mPCR. The first stage amplicons act
in the second phase as models. The amplification
procedure needs only a single reaction temperature,
which is diagnosed using in-situ detection of
colorimetric dye or a fluorescent dye without the
need for electromagnetic techniques. In less than
one hour, 109 copies of the target DNA are

accumulated as final products. LAMP-PCR was
considered to be revolutionary development and
was developed in a single-phase, substantiated
increase in detection limits, effectiveness and
selectivity as an alternate to PCR-based
methodologies in the clinical laboratory.

The spectrum of its use is now no longer confined
to bacteria detection and identification 14, with
increasing scientific researchers concentrating their
attention on the application of LAMP technology.
The LAMP-PCR has been developed and used to
diagnose chorioamnionitis and premature labour,
ureaplasma parvum, and urealyticurea1 5 .

It was also used for the treatment of parasites and
viruses 16-18. A LAMP-PCR detection test for the
plasma, serum and urine Zika virus samples obtained
from 120 suspect cases of arboviral infection in
Brazil was recently developed by Kurosaki et al. in
their 2017 report19.

2.3. Real-time PCR
Clinical diagnostic approaches rely on quantitative
PCR as a medium for the detection and quantification
of infectious agents (qPCR). Fluorescence chemistry
methods have revolutionized molecular diagnostics
and have become the standard for calculating viral
loads and detecting viral and bacterial pathogens.
Amplification of nucleic acid in the QPCR before
a signal level is generated, given by the color of the
intercalation of DNA or a fluorescent sequence-
specific test. In the measurement of the number of
target molecules originally present on standard
curves, the cycles threshold (Cq), defined as the
number of amplification cycles required to attain
this signal level.A cycle threshold (Cq) defined as
the number of amplification cycles necessary to
reach a signal level will be used to calculate the
number of target molecules originally found on a
standard curve 20. In qPCR, the targets are sensed
on the sealed PCR platform in real-time and no
processing after PCR is required; the probability of
false-positive results due to the transportation of
amplicons is thus dramatically reduced compared
with the norm 21.
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During this past decade, advantages in the detection
of infectious disorders, in particular viral diseases
such as arboviruses, have been the Gold Standard
treatment for PCR. Arboviruses in particular in Latin
American countries are a worldwide unparalleled
cause of health catastrophe with growing everyday
statistics. Only clinical manifestations make it
impossible to detect these diseases. A significant
proportion of such infections are asymptomatic,
although some patients may have clinical symptoms
similar to arboviral, such as the Chikungunya,
Dengue, and Zika viruses. The qPCR is sensitive
and more precise than serological checks.
Furthermore, in the serum samples, the acute phase
of the condition can only be diagnosed for up to 4–7
days after the start of symptoms. For instance, recent
literature findings suggest that viral RNA was
detected more in human urine than serum up to
twenty days after the initial effects of Zika virus
have begun (ZIKV). Semen containing the genetic
material of ZIKV was found for weeks and months
after infection 22. The viral load using qPCR methods
is, however, extremely difficult to determine. The
precise results of absolute qPCR concentration are
dependent on test performance, measurements for
instrument calibration as well as a comparison with
an established benchmark to convert measurements
of Cq into an unknown sample.

2.4. Digital PCR
The Digital PCR (dPCR) employs an additional
process, unlike qPCR, that does not rely on an
amplification period determination to transcend the
threshold of the reporter dye signal. The dPCR
samples are separated into many thousand individual
PCR reactions before the amplification, which are
either positive or negative to amplify the interest of
viral sequence. The positive wells are counted in
the original sample and translated into a target
concentration. This binary distribution of each
reaction substantially minimizes the calculation
dependency on factors such as the evaluation quality
and instrument calibration. dPCR, too, is the absolute
form of quantification with the highest quantification
potential of low-load viral nucleic acids.

The positive outcomes of qPCR obtained by the
detection limit for this technique are usually
accomplished in the diagnostic routine, which can
cause concerns about the outcome. dPCR is an
additional approach which focused on the Poisson
distribution and functions outside the limits of
detection of qPCR. Consequently, both analysis and
medical implementations have an important effect
on this technique23-25.

There are some benefits tothe virology of modern
PCR25.

• Quantification of viral genomes in experiments without using a natural curve in samples;
• Detection of viruses of very low viral load;
• The poor concentration of the sample used;
• Reduced effect on complex samples of inhibitors.
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Table 1: The analysis of RT-QPCR and dPCR is
a comparative analysis.
A wide variety of experiments have used dPCR to
detect infectious viruses, such as hepatitis B viruses,
human flu, cytomegalovirus, and human
immunodeficiency virus26-28, bacterial infection
(Chlamydia trachomatis and mycobacterium
tuberculosis) 29-31, as well as parasite infections like
Plasmodium, vivax and Plasmodium falciparum32.

3. Infectious Disease Detection PCR applications
3.1 Tuberculosis: HIV and multi-drug-resistant
strains of mycobacteriumtuberculosis with an
elevated prevalence. Early detection of tuberculosis
is important for diagnosis and care. Classical infection
detection methods are disadvantageous since the
organism is tedious and slowly growing. A variety
of molecular techniques have been developed to
identify mycobacteria. Relevant ones are PCR,
amplification mediated by transcription, amplification
dependent on nucleic acid sequence and ligase chain
reaction33. Multiplex PCR is comparatively and
readily distinguishable by mycobacterial speciation
that is time-consuming and taxing by traditional
methods34. The fact that the first line of INH and
rifampicin was mutated in the cat gene and the rpoB
gene is based on molecular susceptibility research.
The gene fragment can be identified by a PCR
amplification accompanied by a basic electrophoresis
for single streaming conformational Polymorphism
(SSCP) analysis in denaturated gels. The above
treatment enables early identification of infection
by mycobacterium tuberculosis and initiation of
suitable therapy. This approach is sensitive and also
detected in point mutations35-36.

3.2 Streptococcal pharyngitis: is becoming
increasingly relevant in developing countries since
PCR diagnosis of Gp A haemolytic streptococci by
PCR (Gp A direct Streptococcus test or GASD)
could restrict empirical therapy of pharyngitis, cut
beta-lactam antibiotics and lower overall therapeutic
cost36.

3.3 Atypical pneumonia:A PCR-based multiplexing
technique that may help reshape the treatment of

pneumonia atypical infections through a quick
diagnosis of Chlamydia pneumonia, Mycoplasma
pneumonia and legionellae37.

3.4 Persistent disease: Persistent HSV, CMV, EBV,
VZV, HHV, JC, measles, hepatitis infections are
hard to diagnose and cure and seldom respect organ
borders. These diseases typically develop in the
immune-competent host as an acute illness, and a
high defensive immunity accompanies a recovery.
These infections can however be reactivated in the
immunocompromised host. Not only can they cause
a diagnostic problem, but their nucleic acid may
also be not clinically important by amplification
procedures. Quantitative tests are important and
have been established to help their presence37.

3.5The use of PCR has been reported for acute fever
causing disease, such as falciparum malaria,
salmonellosis, babesiosis. The use of a single PCR
reaction and hybridization testing with different
samples is especially used in falciparum infections
in the identification of species38.

3.6 Ulcerative Urogenital Infections:Multiplex
PCR use for distinguished aetiology causes of
ulcerative urogenital infections caused by
Haemophilusducreyi, Treponema pallidum, and
HSV was reported39.

4. CONCLUSION
To reliably diagnose infectious diseases as well as
recognise coinfections, the capacity to simultaneously
recognise several pathogens that invade a host is
necessary for efficient disease handling. PCR has
commonly been used to identify and measure
pathogens that cause multiple infectious diseases,
including some arboviruses, STIs and bacterial
infections. The high precision of molecular
diagnostics and the accuracy for identifying infectious
agents revolutionise this approach. Besides, the
length and expense of given pathogens in a medicinal
specimen were reduced under conventional
cultivating approaches. The key benefits of PCR are
their greater sensitivity and accuracy in contrast
with other diagnostics approaches, such as serological
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tests and culturing methods.

While traditional PCR is the most used molecules,
other processes such as PCRs, Multiplex PCRs,
LAMP-PCRs and digitalised PCRs have been
developed. The biochemical pathways for such
techniques are focused on processes of enzyme
mediation, signal or probe, amplification target, and
isothermal conditions. Given the therapeutic
importance of diseases, there is a great deal of
concern in laboratories for the reliable, quick and
sensitive diagnosis of these illnesses in the number
of infectious people in the world and for the severe
health impacts on the population.However,
improvement is also important to provide the basis
for precise diagnostic and molecular infectious
disease epidemiologies and to provide prevention
and vaccine formulation regulation, as well as
personal surveillance of pathogens that are used for
clinical procedures, in fundamental scientific research
and advancement of molecular technologies.
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