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A BRIEF OVERVIEW OF COVID-19 DIAGNOSIS
BY REAL-TIME RT-PCR

LLP «Research Institute for Biological Safety Problems», QazBioPharm National Holding,
Gvardeiskiy, Kazakhstan
Institute of Biotechnology, National Academy of Sciences of the Kyrgyz Republic,
Bishkek, Kyrgyzstan

Abstract. During the pandemic, key priorities included diagnosis, prevention, and elimination of
the disease. Numerous test systems with varying levels of sensitivity were developed for diagnostic
purposes. Among these systems, molecular-genetic assays hold a particularly important place, as
they enable accurate identification of infectious agents. Within this approach, the most widely used
method for diagnostic purposes in scientific research and clinical settings is real-time RT-PCR.

In this work, we provide a brief overview of the real-time RT-PCR method. The fundamental prin-
ciples of the method, its variants, as well as its advantages and limitations, are outlined.

Keywords: real-time RT-PCR, virus, SARS-CoV-2, method

AHHoTanuA. [laHAeMus y4ypyHZa HermM3ru apThIKYbLIbIKTapra OOPYyHY JAMarHOoCTHKAaJoo,
aJJIbIH ayy aHa KO0K KbUIyy KMpreH. /lUarHOCTHKAJbIK MaKcaTTa ap KaHJal /leHr3a/i/jery ces-
TMYTUTH 6ap KeNTereH TecT CUCTeMasaphbl UIITeIUN YblKKaH, Bysl cucTeMasiap/iblH apacbIH/ja Mo-
JIeKynApAblK-TeHeTUKAJIbIK aHA/IU3/lep 63re4e MaaHUJYY OPYHAY 93JIeUT, aHTKeHH aJap KyryuTyy
areHTTep/iM TaK aHbIKTOOT0 MYMKYH/AYK 6epeT. ByJ bIKkMaHbIH a/JIKarblHJa UWJIMMUH U3U11668J16p/e
’KaHa KJMHHUKAJBIK IIAapTTapAa AUarHOCTUKAAbIK MaKcaTTap/a 3H Kel KOJJOHY/AraH bIKMa-peas-

Ayy y6aksIT pexkxumuneru PT-TTLP.

byn umte 6u3 peanayy yb6akbIT pexuMusgaeru PT-TILP bikMackiHbIH KbicKada 6afgHaMachkliH
6epe6us. MeToAlyH HEerMaru NpUHLUUNTEPH, aHbIH BAPUAHTTAapPhI, OLIOH0H 3/1€ aHbIH apThIK4bL/IbI-

KTaphbl ’KaHa YeKTee/16pY KOpPCOTYJITeH.

AukbIv ce3aep: peanayy y6akoiT RT-PCR, Bupyc, SARS-CoV-2, bikMachl

Introduction

The COVID-19 pandemic caused by SARS-
CoV-2 has resulted in more than 778 million
confirmed cases and over 7 million deaths
worldwide as of 2 November 2025 [1]. The con-
sequences of the pandemic have profoundly dis-
rupted living and working conditions for billions
of people across the globe due to various forms
of social distancing and quarantine measures
imposed in many cities. The global economy
has also been significantly affected by business
closures and strict travel restrictions. To under-
stand the complex dynamics associated with
SARS-CoV-2 infection, it is essential to develop
and implement accurate and rapid diagnostic
systems to mitigate and eliminate these adverse
impacts [2]. One such diagnostic approach is re-
verse transcription followed by real-time poly-
merase chain reaction (real-time RT-PCR) [3, 4].
This method originated from scientific research

in the late twentieth century, when the enzyme
reverse transcriptase was combined with PCR
for RNA analysis [5, 6]. The RT-PCR assay for
detecting SARS-CoV-2 was first developed at the
Charité Institute of Virology in Germany and in-
troduced by the WHO on 13 January 2020 [7].

The aim of this work is to provide a brief
overview of the real-time RT-PCR method as one
of the key diagnostic tools for COVID-19.

Principle of real-time RT-PCR

The fundamental principle of the real-time
RT-PCR reaction is the conversion of the viral ge-
nomic RNA into DNA. This process is carried out
by an RNA-dependent DNA polymerase (reverse
transcriptase). The reaction employs short oli-
gonucleotide primers specific to DNA sequences
that are designed to precisely recognize comple-
mentary regions within the RNA viral genome.
The reverse transcriptase enzyme synthesizes
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a short complementary DNA copy (cDNA) from
the viral RNA template.

In the real-time RT-PCR format, DNA amplifi-
cation is monitored continuously as the reaction
proceeds. This is achieved through the use of flu-
orescent dyes or sequence-specific DNA probes.
Probes are labeled with a fluorescent reporter

molecule and a quencher, as in TagMan assays.
The automated system then performs amplifica-
tion for approximately 40 cycles, during which
virus-specific complementary DNA is tracked
until it is detected via a fluorescent or electrical
signal [2, 8]. An illustration of the real-time RT-
PCR process is provided below (Fig. 1).
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Types of real-time RT-PCR

Carter L.J. et al. describe that reverse tran-
scription PCR (RT-PCR) is traditionally per-
formed in either a one-step or two-step format.
One-step real-time RT-PCR is carried out in a
single tube containing all the necessary primers
for the entire reaction. In contrast, two-step re-
al-time RT-PCR requires multiple tubes to sep-
arately perform the reverse transcription and
amplification reactions, but it offers greater flex-
ibility and enhanced sensitivity. Additional ad-
vantages include the need for smaller amounts
of starting material and the ability to store cDNA
for the quantitative analysis of multiple targets
[2,9,10,11].

he real-time RT-PCR method [2].

Advantages of real-time RT-PCR

Real-time RT-PCR offers several advantages,
including its ability to analyze RNA, high sensi-
tivity and specificity, quantitative capability, sim-
plicity, and accessibility [8, 12], as well as a wide
range of applications [8]. At present, real-time
RT-PCR is one of the most widely used methods
in molecular biology for epidemiological surveil-
lance and in vivo diagnostics in humans [8].

Despite its strengths, the method also has
several limitations. For SARS-CoV-2 detection,
the disadvantages of real-time RT-PCR include
a restricted window of infection detection,
false-negative results, prolonged turnaround
time, false results in asymptomatic or recovered
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individuals, high equipment costs, and a shortage
of qualified personnel to perform and interpret
real-time RT-PCR assays. The detection window
is limited to the active phase of infection, as the
number of viral particles in a sample decreases
significantly after approximately three weeks
following exposure; low viral loads negatively
affect test performance and limit its diagnostic
value. False-negative results may occur depend-
ing on the timing of sample collection or indi-
vidual differences in the patient’s immune re-
sponse [2, 13, 14].These limitations complicate
and restrict the use of this diagnostic method in

hospitals and clinical laboratories. Consequent-
ly, many scientific organizations, companies, and
laboratories worldwide are working to further
improve the efficiency and rapidity of real-time
RT-PCR technology, and these efforts play an im-
portant role in public health and everyday life.

Conclusion

Thus, during the pandemic, real-time RT-
PCR test systems for the detection of SARS-CoV-2
were developed and implemented, and they
were used in primary healthcare settings as well
as in large-scale and screening studies. This, in
turn, contributed to the rapid, efficient, and ac-
curate identification and diagnosis of the virus.
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