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Abstract

Objectives: All countries have been deeply affected by the
coronavirus disease 2019 pandemic, both economically and
in situations that strain health systems, such as workforce
and workload. Therefore, various measures should be taken
to control the disease and prevent its spread. Since the dis-
ease onset, real-time PCR tests have been used as the gold
standard for disease diagnosis. Owing to the rapid progress
of the pandemic and the spread of the disease, validation,
consistency, and optimization tests of some commercial kits
have been conducted directly in the field. Therefore, it is
important to compare the results of these kits and improve
the existing ones.
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Methods: We compared five kits (Bioexen, Polgen, Coronex,
Diagen, and Anatolia) donated to the TOBB Economics and
Technology University Hospital PCR laboratory with the
KrosGen kit to detect severe acute respiratory syndrome
coronavirus 2. A total of 244 samples were selected and
analyzed using five different severe acute respiratory syn-
drome coronavirus 2 PCR detection Kkits.

Results: Positive and negative results from the six kits were
compared using the working protocols of the Kits, primers,
and cycle threshold (Ct) values. Five of the six kits have
reliable compatibility for Ct<30 but decreases for Ct>30.
Therefore, it is important to evaluate the performance of
these kits for reduced viral loads.

Conclusions: Using a suitable kit with high compatibility for
Ct=30 is important for detecting patients with a low viral
load and helping prevent disease spread.

Keywords: pandemics; COVID-19; SARS-CoV-2 detection Kits;
RT-PCR; Ct values

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, which
emerged in Wuhan, China, in 2019, was the largest pandemic
of the last century regarding its spread and the number of
people infected. All countries have been severely affected by
the pandemic, which has strained their health systems and
impacted the economy and workforce. Therefore, various
measurement methods have been implemented to control
this disease and prevent its spread. One of these measures is
early diagnosis of COVID-19. Probe-based real-time poly-
merase chain reaction is the gold standard for disease
diagnosis [1]. Reverse transcriptase-polymerase chain reac-
tion (RT-PCR) is preferred because of its advantages in early-
stage disease detection, high sensitivity, high specificity, and
ease of use. Since the pandemic outbreak, more than 250
known COVID-19 PCR kits have been developed. All these kits
use cycle threshold (Ct) values to determine the patient’s
viral load, which provides information for detecting severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
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Ct value is a quantitative PCR measure used to calculate the
initial concentration or copy number of a target nucleic acid
sequence in a sample. The Ct value represents the relative
amount compared with the standard reference sample. By
comparing the Ct values of different samples, users can
evaluate the copy numbers of the samples. The Ct value was
calculated starting with a known amount of the target
sequence and then monitoring the increase in fluorescence
(called the relative fluorescence unit (RFU)) as the increased
number of amplifications. The RFU is an important mea-
surement used to assess the intensity of fluorescence pro-
duced when a sample is amplified and provides a valid
relative reference point to determine the concentration and
abundance of target sequences. The Ct value is the point at
which the fluorescence increases above the background
level. In general, the lower the Ct value, the higher the
abundance of the target sequence in the sample and,
therefore, the faster the amplification of the target sequence.
Some studies have claimed that SARS-CoV-2 has no actual
genome and that RT-PCR testing can be misleading [2].
Although these claims are unfounded, most newly produced
SARS-CoV-2 diagnostic kits show inconsistent performance,
contradicting lung tomography findings. Patients with
severe infection without pulmonary tomography findings
may have negative PCR results, increasing the possibility
that COVID-19-positive cases are causing viral spread. The
inconsistent performance of COVID-19 RT-PCR kits may be
due to the pandemic’s rapid evolution and the disease’s
spread. Therefore, some kits’ validation, consistency, and
optimization tests were performed directly in the field.
These events require a comprehensive comparison of the
results between Kkits to select and improve the best one [3].

SARS-CoV-2 is a positive-stranded RNA (+ssRNA) virus
with a single open reading frame called ORFlab that
encodes non-structural proteins involved in viral RNA
transcription, replication, and immune evasion. One of these
non-structural proteins is RNA-dependent RNA polymerase.
Replication and transcription also occur within the ORFlab
framework. The structural proteins of SARS-CoV-2, including
the membrane (M), envelope (E), nucleocapsid (N), and spike
(S) proteins, are expressed through the production of sub-
genomic messenger RNAs. ORFlab, E, N, and S genes are the
most commonly used primer targets for detecting SARS-CoV-2
[4, 5]. The E gene target region is used to detect SARS-CoV-2
and genetically similar viruses (pan-Sarbecovirus) for general
screening, whereas the ORFlab target region and N gene
specifically identify SARS-CoV-2. Some kits use more than one
primer to detect multiple SARS-CoV-2 genes simultaneously.
Housekeeping genes, such as RNase P (ribonuclease P) and
GAPDH (glyceraldehyde 3-phosphate dehydrogenase), which
are highly expressed in human epithelial tissues, were used as
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internal controls. In addition, unlike classical PCR methods,
current SARS-CoV-2 detection kits use probe-based primers.
The number of nucleic acids copied during the reaction was
measured in real-time using fluorescence irradiation in each
cycle. Probe-based RT-PCR can simultaneously detect multiple
targets in a sample. However, this requires the design of
target-specific probes in addition to primers. Several probe
designs are available; however, hydrolysis probes are the
most commonly used. The hydrolysis probe comprised two
primers and one probe. The probes were designed to com-
plement the target sequences. Each probe contained a fluo-
rophore (donor) and a quencher (acceptor) at each end.
During the annealing step of PCR, the probe binds to a specific
target sequence. However, no fluorescent signals are detected
because the fluorophores and quencher are close. In the next
step, as an extension, the probe is hydrolyzed by the 5-3'
exonuclease activity of the polymerase. Probe hydrolysis
separates the fluorophore from the quencher, increasing
amplification-dependent fluorescence. Thus, the fluores-
cent signal from RT-PCR was proportional to the amount of
the probe-target sequence present in the sample. Probe-
based RT-PCR is more specific than dye-based RT-PCR and is
widely used for diagnosis [6]. Currently, kits used to detect
SARS-CoV-2 in many countries are probe-based. Depending
on the developer’s and financial infrastructure’s initiatives,
more than one probe may be used to detect viral genes.
Specific primers and labeled probes were used to detect the
virus’s conserved ORFlab and N genes, and RNase I was
used as the internal control.

In this study, we compared six commercial kits using 244
patients. Ct values and patient viral loads were compared.
We also compared the compatibility of the kits based on the
accuracy of the strongly positive (Ct<30), weakly positive
(Ct<30), and negative results.

Materials and methods
Patient population and sample collection

Nasopharyngeal aspirate/lavage/swab specimens from 244 individuals
(62 negative and 182 positive) who underwent PCR-COVID-19 testing at
the TOBB University of Economy and Technology Hospital, Ankara,
between June and December 2022, were used. All patients with positive
PCR results were confirmed to have COVID-19 symptoms, such as fever,
cough, fatigue, loss of taste or smell, and sore throat. All patients were
selected in a double-blind manner according to their PCR results (the
PCR results were confirmed by a specialist who examined the patients
for symptoms). Patients with positive results were grouped according to
the Ct values. Patients with a Ct<30 or strong positivity carry a high
SARS-CoV-2 load. Patients with Ct=30 or low positivity carry a low
SARS-CoV-2 virus load. Patients with negative PCR results were defined
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as those without symptoms and no contact with PCR-positive patients.
Information on age, sex, religion, etc., is unavailable to the researchers.
Ethical approval [Approval number. KAEK-118/143 (dated 11.11.2022)]
was obtained from the Ethics Committee of the Faculty of Medicine.

Power and sample size

The sample size of the study was calculated using PASS 15 Power
Analysis and Sample Size Software (2017, NCSS, LLC. Kaysville, Utah,
USA, ncss.com/software/pass). The required sample size for 95 % power,
a=0.05 type I error, =0.05 type II error, 20 % expected prevalence of
COVID-19, 50 % expected sensitivity, and 50 % expected specificity was
calculated as a minimum of 145. Our research team only received the
Anatolia kit during the final stages of the study, which limited our ability
to conduct a comprehensive study with a sufficiently robust sample size.

Molecular and real-time PCR analysis of SARS-CoV-2

Samples for the reactions were collected using a viral nucleic acid
transfer buffer (Extracted Sample Transport Medium, eSTM-02, MAY-
GEN laboratory services, Turkey), which allowed viral nucleic acid
extraction from nasopharyngeal aspirate/lavage/swabs without the use
of an RNA extraction Kkit. Clinical viral nucleic acid transfer samples
were used as RNA samples for these reactions.

The KrosQuanT SARS-CoV-2 (2019-nCOV) V2 RT-PCR kit (KRM-136-
002; KrosGen Biotechnology, Turkey) was routinely used to detect
COVID-19 in the nasopharyngeal aspirate/lavage/swab from patients in
our laboratory. We used KrosGen as the reference kit in this study and
accepted the results obtained with this kit as accurate and reliable. The
same samples were tested using five different SARS-CoV PCR detection
kits named: Bio-Speedy Direct RT-PCR SARS-CoV-2 (BS-SY-SC2-500; Bio-
exen research and development (R&D) Technologies, Turkey), Senteligo
SARS-CoV-2 (COVID-19) Multiplex RT-PCR Kit, (Coronex (Ver:2. 0), Sen-
tebioLab, Turkey), SARS-CoV-2 (COVID-19) Multiplex Detection Kit
(COVID-PPB, Polgen Biotechnology, Turkey), SARS-CoV-2 OneStep
RT-PCR Kit (Dia-CoV19-2, Diagen Biyoteknolojik Sistemler, Turkey), and
Bosphore Novel Coronavirus (2019-nCoV) Detection Kit v4 (Anatolia
Geneworks, MB416v2, Global Technology, Turkey). All kits were used
and evaluated according to the manufacturers’ recommendations. All
information regarding the kits, including the user manual, reaction
protocol, thermal program, primers, and probes, is provided in Table 1.
The RT-PCR and Ct values of the positive results obtained using the
different kits are shown in Table 2.

Statistical analysis

The results obtained using the kits were transferred to an Excel
spreadsheet. The Ct values were recorded as <30 and 230. Error checks
and corrections were then performed. Crosstabs were created to
compare the reference kit (KrosGen) with the kits used in the present
study. Notations n and % are used in the tables. The characteristics of the
kits, such as sensitivity, specificity, positive predicted value, and nega-
tive predicted value, were calculated based on the results for the
reference kit. The Youden index was used to compare the accuracy and
compatibility of these detection kits in discriminating between true-
positive and true-negative COVID-19 PCR tests (Table 3). The values of
min-max, mean+SD, and median (IQR: InterQuartile Range) were used
to present Ct values (Table 4). IBM SPSS Statistics 22.0 (IBM Corp.
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Released 2013 IBM SPSS Statistics for Windows, version 22.0. Armonk,
NY: IBM Corp.) was used for statistical analyses. Data were analyzed at a
95 % confidence level, and significance was set at p<0.05.

Results

In this study, nasopharyngeal aspirate/lavage/swab speci-
mens from 244 individuals collected at the PCR-COVID-19
laboratory of TOBB University of Economy and Technology
Hospital, Ankara, were analyzed using six different
SARS-CoV-2 detection kits. The KrosGen kit is routinely used
to detect SARS-CoV-2 infection in patients. All patients with
positive PCR results were followed up and examined by a
specialist for associated symptoms. The stage of SARS-CoV-2
(whether the patients were in the early, acute, or late phases
of the disease) was also monitored. Details of the primers,
reaction protocols, and thermal programs used for all six
commercial kits are listed in Table 1.

Table 2 shows three of the five kits (Bioexen, Coronex,
and Anatolia) showed consistent results for Ct<30 compared
with KrosGen. Conversely, for Ct=30, the consistency of the
kits fluctuated with positive results. For Ct=30, all patients
were asked if they had symptoms, and positive results were
verified. In addition, all positive samples for Ct=30 were
diluted by 1:2 to eliminate false positives, and the reaction
was repeated. The result was considered positive if the sec-
ond reaction was also positive; otherwise, a new sample was
requested from the patient the following day. Table 2 shows
four of the five kits (Bioexen, Polgen, Coronex, and Diagen)
had higher false negative results than the reference kit
(KrosGen). As stated in the manufacturer’s instructions, the
evaluation of the positive results of the Polgen kit with the
detection of one of the targets showed that the false positive
percentage decreased. Only the Coronex kit showed a high
false positive rate (87.1%). The Anatolia kit showed the
highest kit concordance for detecting COVID-19 compared
with the KrosGen Kkit.

The number and percentage of positive and negative
samples, positive predicted value, negative predictive value,
positive likelihood ratio (LR+), negative likelihood ratio
(LR-), accuracy rate, and Youden index of the KrosGen kit
are shown in Table 3. When comparing the target genes used
in the six commercial kits, we found that all the Kkits used
RNase P as an internal control. However, each kit uses a
different target gene to detect SARS-CoV-2. The KrosGen and
Polgen kits use the N1 and N2 genes for detection. KrosGen
used both in a single channel, and the presence of either one
gave a positive result. However, in the Polgen kit, NI
amplification was measured in 6-carboxyfluorescein (FAM),
while N2 was measured in hexachlorocarboxyfluorescein
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Table 1: Summary of manufacturer’s instructions for six different COVID-19 detection kits.
Abbreviated name of kits KrosGen Bioexen Polgen Coronex Diagen Anatolia
Targets and fluores- ~ Gene 1 N1 (FAM) ORF1ab (FAM) N1 (FAM) ORF1ab (FAM) ORF1ab (HEX) ORF1ab (FAM)
cence channels Gene 2 N2 (FAM) N2 (HEX) N (FAM) S (FAM) N (FAM)
IC RNP (HEX)  RNP (HEX) RNP (Cy5) RNP (HEX) RNP (Texas red) RNP (HEX)
Ct value for positivity <35 <38 <35 (both should <35 <35 (one is enough <35
be positive) to be positive)
Reaction protocol Master mix:  2x prime script Master mix: 25 uyL  Coronex Covid-19-DS RT PCR 2x master ~ PCR 2x master
15l mix: 10 pL mix E: 12.5 pL mix: 10 pL mix: 19.75 pL
RNA sample: Oligo mix RNA sample: 5pL  Coronex Covid-19-DS  S/ORF1ab/HIC mix:  RT mix: 0.25 pL
5pL (ORF1ab/RNP): PPI: 2.5 uL 5pL
5uL
RNA sample: 5 pL RNA sample: 5 pL RNA sample: 5pL  RNA sample: 5 pL
Thermal program 45°C for 52 °C for 5 min 55°C for 15min 48 °C for 20 min 50 °C for 20 min 50 °C for 17 min
9 min
95 °C for 95°C for 10's 95°C for 30's 95 °C for 2 min 95 °C for 5 min 95 °C for 6 min
2min
40 cycle for: 40 cycle for: 35 cycle for: 35 cycle for: 38 cycle for: 38 cycle for:
95°Cfor3s 95°Cfor1s 95°C for 10's 95°Cfor5s 95°C for 10s 97°C for 30's
55°Cfor 10s 55°Cfor30s 60°C for 30's 60°C for 10s 57°Cfor30s 62°Cfor30s
Table 2: Comparison of Ct values of 5 different SARS-COV-19 detection kits with those of reference kits (KrosGen).
Detection kits Bioexen Polgen (n=244) Coronex Diagen (n=244) Anatolia
FAM FAM - - - FAM
(n=244) Polgen Polgen  Polgen Polgen (n=244) Diagen Diagen Diagen (n=88)
FAM HEX (both (one FAM HEX (one
positive) positive?®) positive)
Ct<30 Positive 95(77.9%) 22(18.0%) 33(27.1%) 6(4.9%) 70(57.4%) 56 (45.9%) 34(28.9%) 34(27.9%) 53(43.4%) 37(90.2%)
(n=122)  (Ct<30)
Positive 6(4.9%) 19(15.6%) 19 (15.6 %) 0(0.0) 15(12.3%) 19(15.6%) 16 (13.1 %) 4(9.8%)
(Ct=>30)
Negative 21(17.2%) 34 (27.9%) 54 (44.3 %) 116 52(42.6%) 41(33.6) 22(18.0%) 26(21.3%) 23(18.9%) 0 (0.0)
(95.1 %)
Unavailable 0(0.0) 47 (38.5%) 16(13.1%) 0(0.0) 0(0.00 10(8.2%) 47(38.5%) 46(37.7%) 46 (37.7%) 0(0.0)
to evaluate
Ct>30 Positive 13(21.7 %) 0(0.00 19(31.7) 0(0.0) 28(46.7%) 3(5.0%) 1(1.7%) 1(1.7%) 2(3.3%) 7 (42.1 %)
(n=60) (Ct<30)
Positive 3(5.0%) 4 (6.7 %) 9(7.4) 0(0.0) 4(6.7 %) 0(0.0) 1(1.7 %) 5 (28.9 %)
(Ct=>30)
Negative 42 (70.0%) 18(30.0%) 29 (15.0%) 60 32(53.3%) 39(65.0%) 21(35.0%) 19(31.7%) 20(3.3%) 9(23.9%)
(100.0 %)
Unavailable 2(3.3%) 38(63.3%) 3(5.0%) 0(0.0) 0(0.0) 14(23.3%) 38(65.0%) 39 (65.0%) 38(63.3%) 2(5.3%)
to evaluate
Negative Positive 7 (11.3 %) 0(0.0) 1(1.6) 000 1(1.6%) 2(3.2%) 0(0.0%) 0(0.00 0(11.3%) 1(11.1%)
(n=62) (Ct<30)
Positive 0(0.0) 10(16.1%) 0(0.0) 0(0.00 10(16.1) 7(11.3%) 4(6.5%) 5(8.1%) 6(0.00 1(11.1%)
(Ct=>30)
Negative 55 (88.7 %) 42 (67.7 %) 59 (95.2 %) 62 52(83.9%) 52(83.9%) 46(74.2%) 46(72.2%) 45(70.9%) 7 (77.8%)
(100.0 %)
Unavailable 0(0.0) 10(16.1 %) 2(3.2) 0 (0.0) 0 (0.0) 1(1.6) 12(19.4%) 11 (17.8%) 11(17.8%) 0 (0.0)
to evaluate

*This column is not indicated in the user manual of Polgen kit.
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Table 3: Comparison of five different COVID-19 detection kits with reference kit (KrosGen).

Detection kits Standard kit result (Kros-

Detection kit characteristics

gen®, n=244)
Negative Positive Total Sensitivity Specificity PPV NPV  Accuracy Youden LR+ LR-
(n=62; 25.6 %) (n=182; rate index
74.4 %)

Bioexen® - FAM Negative 55 (88.7) 63 (35.0) 118 (48.8) 65.0 88.7 944 46.6 71.1 53.7 5.76 0.39
(n=242) Positive 7(11.3) 117 (65.0) 124 (51.2)
Polgen®—FAM Negative 42 (80.8) 51(53.1) 93(62.8) 46.9 80.8 81.8 45.2 58.8 27.6 2.44 0.66
(n=223) Positive 10(19.2) 45 (46.9) 55(37.2)
Polgen® - HEX Negative 60 (100.0) 157 (96.3) 217 (97.3) 37 100.0 100.0 27.6 29.6 3.7 N/A 0.96
(n=223) Positive 0(0.0) 6(3.7) 6(2.7)
Polgen®—FAM& Negative 63 (100.0) 176 (96.7) 239 (97.6) 33 100.0 100.0 26.4 28.2 3.3 N/A 0.97
HEX (n=245) Positive 0(0.0) 6(3.3) 6(2.4)
Polgen®—FAM or Negative 11(17.5) 83 (45.6) 94(38.4) 54.4 175 656 11.7 44.9 -28.1 0.66 2.61
HEX (n=245) Positive 52 (82.5) 99 (54.4) 151(61.6)
Coronex® - FAM Negative 8(13.1) 12 (7.6) 20 (9.1) 92.4 13.1 734 40.0 70.3 5.5 1.06 0.58
(n=219) Positive 53 (86.9) 146 (92.4) 199 (90.9)
Diagen®—FAM Negative 45 (90.0) 45 (46.4) 90 (61.2) 53.6 90.0 91.2 50.0 66.0 43.6 5.36 0.52
(n=147) Positive 5(10.0) 52 (53.6) 57(38.8)
Diagen®-HEX Negative 46 (90.2) 44 (45.4) 90 (60.8) 54.6 90.2 914 511 66.9 44.8 5.57 0.50
(n=148) Positive 5(9.8) 53 (54.6) 58(39.2)
Diagen®—FAM or Negative 44 (86.3) 43 (43.9) 87 (58.4) 56.1 86.3 88.7 50.6 66.4 42.4 4.09 0.51
HEX (n=149) Positive 7(13.7) 55(56.1) 62 (41.6)
Anatolia® - FAM Negative 7(77.8) 9(11.7) 16(18.6) 88.3 77.8 97.1 438 87.2 66.1 3.97 0.15
(n=86) Positive 2(22.2) 68 (88.3) 70 (81.4)

Some sample reactions were unavailable for analysis owing to poor curves; so, they were excluded from the analysis. Therefore, the sum of the values in the
Table may be less than that for the total sample. PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, likelihood

ratio.

Table 4: Comparison of Ct values of positive results for the detection kits.

Detection kits Ct n Min-max Mean + SD Median (IQR)
KrosGen® - FAM <30 122 7.71-29.92 22.75 + 5.08 22.33(8.64)
>30 60 30.13-34.75 31.82+1.15 31.74 (1.72)
Bioexen® - FAM <30 115 15.69-29.97 24.04 + 3.82 24.42 (6.89)
>30 9 30.02-36.24 31.31+2.02 30.63 (1.73)
Polgen® - FAM <30 22 20.18-29.45 26.75 +2.24 26.85 (2.84)
>30 33 30.09-34.72 32.63 +1.56 33.15 (3.00)
Polgen® - HEX <30 3 28.58-29.28 28.84 +0.39 28.65 (N/A)
>30 3 30.08-31.08 30.54 + 0.50 30.47 (N/A)
Coronex® -FAM <30 61 18.04-29.99 25.40 + 3.01 26.46 (4.11)
>30 25 30.07-34.97 32.29 +1.51 32.04 (2.42)
Diagen® - FAM <30 35 22.61-29.87 27.30 + 2.01 27.28 (3.23)
>30 21 30.13-33.78 31.68 + 1.26 31.79 (2.42)
Diagen® - HEX <30 35 23.49-29.75 27.51+1.77 27.97 (3.13)
>30 22 30.19-34.51 31.99+1.35 31.55 (2.28)
Anatolia® - FAM <30 54 15.84-29.85 25.44 +4.20 26.88 (4.88)
>30 16 30.24-34.19 31.74+1.29 31.20 (2.22)

(HEX); for a positive result, both N1 and N2 genes should be
detected according to the kit data sheet. Nevertheless, as
shown in Table 3, the simultaneous amplification of N1 and

N2 decreased the consistency of the Polgen kit to 3.3 %.
However, assuming that the results of the Polgen kit were
evaluated in such a way that the amplification of either NI or
N2 was sufficient to achieve a positive result, the compati-
bility of the kit increased to 54.4 %. The Coronex and Anatolia
kits were designed to detect ORF1ab and N (N1 and N2) genes
in the same channel (FAM), indicating that detecting one of
the target genes was sufficient to produce positive results.
Although the Coronex and Anatolia kits used three target
genes for viral detection, the accuracy rate of the Coronex kit
(70.3) was lower than that of the Anatolia kit (87.2). In
contrast, Diagen uses more than one primer (ORF1ab in the
HEX and S genes in the FAM channels) to detect SARS-CoV-2,
and detecting only these target genes is sufficient to achieve
a positive result. However, 96 of 244 samples (39.3 %) could
not be evaluated. Bioexen was designed to detect only
ORF1ab, and the compatibility of the kit for detecting positive
results was 65.0 %.

The Ct values of positive results for both strong positive
(Ct<30) and low positive (Ct=30) were calculated, and the Ct
intervals, means, and medians are given in Table 4. The
KrosGen kit had the lowest detection Ct compared with the
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other kits for Ct<30. In contrast, the Polgen kit (in the hex
channel) only detected positive samples, with Ct intervals
between 28.58 and 31.08. The mean and range of the Ct values
for the other kits were similar.

Discussion

RT-PCR technique has been widely used worldwide to
diagnose COVID-19 during the pandemic. This method
detects viral RNA during the diagnosis of COVID-19. In basic
life sciences, this method detects small amounts of nucleic
acids [7, 8]. Currently, it is important to diagnose COVID-19
quickly and accurately. Various COVID-19 diagnostic kits
have been used. However, it was observed that different
COVID-19 diagnostic kits sometimes gave different results.
There are several reasons for these different results; how-
ever, they remain controversial [9].

The first reason is the difference in the test methods
used. Different manufacturers of COVID-19 diagnostic kits
use various testing methods. Some Kits are antibody-based
and aim to detect the disease by detecting COVID-19 anti-
bodies produced in the body [10]. Other kits use PCR to detect
the genetic material of the virus. These methods are based on
different principles and can give different results [11, 12].

The second reason is the quality and accuracy of the
kits. There may be differences in the production and quality
of the COVID-19 diagnostic kits. Certain kits provide accu-
rate results by identifying sensitive and specific antibodies
or genetic targets. However, some kits may give false pos-
itive or false negative results [13, 14]. This affects the
accuracy of the test. Despite their widespread use in diag-
nosing COVID-19, there is speculation regarding their reli-
ability. However, this technique is highly sensitive, specific,
and preferred for pandemic conditions such as COVID-19.
Various diagnostic kits have been developed for this tech-
nique in laboratories and R&D centers. The diversity of
reagents specially designed for each diagnostic kit, the
variety of protocols and analytical methods, and the fact that
not every test is performed according to standardized pro-
cedures have raised doubts regarding the accuracy and
reliability of RT-PCR for the diagnosis of COVID-19. There-
fore, it was essential to compare the detection rates of
the two kits. Many studies in the literature have compared
commercial kits. For example, six different kits were
compared for the first time in China [2]. This study found
differences between samples with low and high viral loads.
In another study, seven different kits were compared, and all
showed an efficacy of over 96 %, indicating that these kits
could be used for diagnosis [4]. Another study compared two
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locally manufactured kits and found them highly compat-
ible, suggesting they were safe for diagnosis [15].

Each kit reported in the literature has its own Ct interval
values for detecting COVID-19, which may differ between
kits. Although the Centers for Disease Control and Preven-
tion accepts the detection of Ct<40 as positive in some
diagnostic kits, many kits used in our study and available on
the market evaluate amplification results up to 35 as positive.
Reactions with Ct values above 35 should be considered
erroneous, and artifact binding and Taq polymerase may be
inactivated. Failure to account for these factors significantly
affected the results. Patients who tested positive in our study
had a Ct value <35. However, a comparative study of the
different kits revealed that the kits had different Ct values.
Problems such as storage conditions, the timing of clinical
specimen collection (transfer of specimens to the laboratory
or improper specimen collection), and contamination may
also affect the positivity of the kits. Therefore, further studies
are needed to measure the reliability of different Kkits.

The third reason is the difference in sampling and pro-
cessing methods. For COVID-19 diagnostic kits, sampling and
processing must be performed correctly to obtain accurate
results. For example, incorrect nasal or throat swabs may
yield false positive results. In addition, improper storage or
handling of the specimens can affect the results. This possi-
bility was eliminated in our study by selecting patient sam-
ples, which was also supported by positive clinical findings.

The fourth reason is variations in the virus. Viral muta-
tions and variants emerged during the COVID-19 pandemic.
Some COVID-19 diagnostic kits better detect certain variants,
whereas others are less sensitive. This could have led to
different results. However, this possibility was not assessed
because the studies were performed simultaneously on
samples from the same patients (Table 1).

In this study, five of the six kits have reliable compati-
bility at Ct<30, but this decreases at Ct=30. When the viral
load is high, itis easier to detect the presence of viruses in the
nasopharyngeal aspirate/lavage/swab specimens. However,
detecting positive results in individuals recently infected
with SARS-CoV-2 with a low viral load is critical. Therefore, it
is important to evaluate the performance of these kits in
reduced viral load.

One of the major differences among the kits is the target
gene region used for primer design. The minor differences
among the kits may be due to the primers used for the target
gene region. These are the regions of the virus used to
determine the genes, especially in positive samples. Each
commercial kit uses primers that amplify at least one gene
region. The most commonly used gene regions for these kits
are ORFlab, N, and S. Our study showed that utilizing one or
more gene regions in the same kit did not affect the accuracy.
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For example, although a single gene region (ORFlab) was
used in the highly reliable Bioexen Kkit, primers for two gene
regions were used in the Diagen kit. However, the results
showed that the Bioexen was more consistent than the
Diagen. The same conclusion applies to the Polgen and
Coronex Kits.

Fluorophores are used in the TagMan probe-based kits.
The most common fluorophores used in COVID-19 diagnostic
kits are FAM and HEX, which contain fluorescent reporters
and quenching dyes. In probe-based assays, the probe must
be designed to be approximately 10°C higher than the
primer binding temperature to ensure correct binding.
Therefore, long probes have been designed to detect regions
with low cytosine-guanine (GC) ratios. However, if the
probes are too long, unnecessary background radiation will
occur [16]. This phenomenon is a possible reason for the
unwanted radiation observed with Diagen and Polgen Kkits.
We conclude that the GC ratios of primers, probes, primer
annealing temperatures, and probe selection should be
carefully determined when designing kits. The more accu-
rate the combination, the more reliable the kit is. Although
using more than one fluorophore is advantageous, optimi-
zation can be challenging [17]. Multiple fluorophores can
lead to misdiagnosis of the disease, especially in pandemic
conditions, and to a loss of confidence in kits, where most
R&D optimizations are performed in the field.

Three-dimensional (3D) modeling of the proteins encoded
in the viral genome was performed to determine whether
the stability or unstable nature of the proteins encoded by
the gene regions used in the kits affected the reliability of
the preferred target regions. PHYRE2 database (http://www.
sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index) was used to
determine whether there is a relationship between the
stability of the proteins targeted by the primers used in the
kits and the reliability of the kits. A visual comparison of the
results, in which 3D modeling was performed using
homology-based approaches, showed that the proteins with
the most stable structures belonged to the ORFlab (ORFa
and ORFD) regions. Therefore, kits (Polgen, Diagen, Coro-
nex) using primers from the S and N regions had lower
reliability, and the protein models were more unstable
(Figure 1). Although KrosGen and Polgen used the same
gene regions for positive detection, KrosGen provided more
consistent results than Polgen. When comparing these two
kits, there was a 10°C difference in primer annealing
temperatures (Table 1). The fact that the Polgen kit uses two
different fluorophores and has a 10 °C higher annealing
temperature than the KrosGen suggests two possibilities.
One is the presence of various fluorophores, which may
affect the irradiation. Another possibility could be differ-
ences in the GC ratio of primer candidates belonging to the
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same gene region. It would be better for kit manufacturers to
share their primer sequences. Another difference between
the two Kkits is the ability to evaluate gene amplification in
one or two distinct channels. As shown in Tables 2 and 3, the
kits assess the presence of COVID-19 in one channel (using
one or two genes) exhibited a higher compatibility and
accuracy rate than those evaluating more than one gene in
two different channels. Kits that used two genes in one
channel to detect COVID-19 provided results with the highest
accuracy rates and compatibility.

Conclusions

One reason for the uncontrolled global spread of COVID-19 is
the false negative test results in patients with a low COVID-19
viral load. Therefore, a sensitive and suitable kit with high
compatibility for Ct=30 is essential to identify patients with
a low viral load. This study compared six commercial
COVID-19 detection kits for patients with low viral loads. We
found that the KrosGen, Anatolia, and Bioexen kits were the
most effective in detecting SARS-CoV-2.

This study has several limitations. One of these limita-
tions is the lack of a gold standard, such as viral culture and/
or international standards. Viral culture can only be per-
formed in a Biosafety Level 3 laboratory requiring special
conditions. There are fewer than 10 BSL3 laboratories in
Turkey. Although a World Health Organization international
standard exists, it is difficult to obtain with a limited budget.
These kit manufacturers are also expected to use this stan-
dard to validate and verify their kits. However, several
studies have compared Kkits that do not use this standard
[4, 5].

The second limitation is related to the sample size of the
Anatolia kit. The Anatolia kit did not reach the researchers
until the final phase of the study, leaving insufficient time
and resources for thorough examination with a represen-
tative sample size. This unexpected delay in acquiring the
Anatolia kit hampered our ability to conduct a comprehen-
sive analysis, as originally intended. Nevertheless, given that
our sample size fell below the threshold set determined in
our power analysis, we felt it was imperative to include these
findings in our study because of their remarkable consis-
tency compared with other Kkits, as they are more in line with
our research findings.

In conclusion, to improve the accuracy and compatibility
of kits, we suggest using primers to detect two genes with a
single probe evaluated in a single channel. In addition, for
those samples with Ct>30, it is better to repeat the reactions
with 1:1 and, if needed, with 1:9 dilutions. A consistently pos-
itive result was considered reliable. However, in cases where
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the results are inconsistent, it is advisable to repeat the before routine use of the kit for COVID-19 detection. Finally,
reaction using a new sample from the patient. Neverthe- it is strongly recommended that interlaboratory compari-
less, it is important to keep in mind that regardless of the sons and external quality control measures validate the
brand of the Kkit, a validation study should be performed results of kit reactions.
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