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Abstract: The ongoing global public health challenge posed by the COVID-19 pandemic necessitates
continuous research and surveillance efforts. In this study, we comprehensively analyzed over
1000 COVID-19 RT-PCR tests conducted on a cohort of 1200 patients in Saudi Arabia. Our primary
goal was to investigate mutations in specific genes RdRp, N, and E different infection and recovery
stages in Saudi patients with SARS-CoV-2. We also extended our analysis to include patients of
various nationalities residing in Saudi Arabia, with the overarching objective of assessing these genes
as markers for COVID-19 presence and progression. To diagnose and investigate potential genetic
variations in COVID-19, we engaged RT-PCR. Our study primarily focused on detecting mutations in
the RdRp, N, and E genes in Saudi patients with SARS-CoV-2, as well as individuals from various
national residing in Saudi Arabia. This molecular technique provided valuable insights into the
virus’s genetic makeup during infection and recovery. In our analysis of 671 positive COVID-19
cases, diverse gene involvement patterns were observed. Specifically, 55.91% had mutations in all
three genes (RdRp, N, and E), 62.33% in both N and E genes, and 67.16% in RdRp and N genes.
Additionally, 30.75% exhibited mutations exclusively in the RdRp gene, and 51.58% had mutations
in the N gene. The N gene, in particular, showed high sensitivity as a marker for identifying active
viral circulation. Regarding the temporal dynamics of the disease, the median duration between
a positive and a subsequent negative COVID-19 RT-PCR test result was approximately 33.86 days
for 44% of cases, 14.31 days for 30%, and 22.67 days for 4%. The insights from this study hold
significant implications for managing COVID-19 patients during the ongoing pandemic. The N gene
shows promise as a marker for detecting active viral circulation, potentially improving patient care
and containment strategies. Establishing a defined positive threshold for diagnostic methods and
correlating it with a low risk of infection remains a challenge. Further research is needed to address
these complexities and enhance our understanding of COVID-19 epidemiology and diagnostics.
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1. Introduction

The emergence of the 2019 coronavirus pandemic, driven by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has positioned itself as a paramount global concern,
a fact underscored by the World Health Organization’s declaration [1]. Originating in late
2019, the initial cases of individuals presenting severe respiratory infections and pneumonia
were identified within China’s Hubei Province [2,3]. The rapid and extensive transmission
of this highly contagious virus sent shockwaves across the global community, impacting
nearly every corner of the world. By the first half of 2020, the number of confirmed
COVID-19 cases worldwide had surged beyond seven million, carrying with it the heavy
burden of over 400,000 associated fatalities [4,5]. COVID-19, the disease caused by the
SARS-CoV-2 virus, manifests a range of common symptoms, such as fever, coughing,
shortness of breath, and fatigue [3,6]. What is notably remarkable is the estimated case
fatality rate (CFR) for COVID-19, which hovers between 3.4% and 6.6%, a rate notably
lower when compared to previous outbreaks like severe acute respiratory syndrome (SARS)
with a CFR of 9.6% and Middle East respiratory syndrome (MERS) with a staggering CFR
of 34.3% [7].

The epidemiological landscape of COVID-19 was marked by a pivotal moment when,
on 4 February 2020, data pointed to the primary reproductive number (R0) standing at 2.2
at the commencement of the epidemic (30 January 2020) until 1 February 2020, with a range
extending from 3.6 to 5.8. This was coupled with the estimated epidemic doubling time in
Wuhan, China, which was measured at 3.6 days, fluctuating between 1.0 and 7.7 days [8,9].
The declaration of COVID-19 as a pandemic by the World Health Organization (WHO) on
11 March 2020 marked a crucial juncture. The pandemic’s extraordinary contagiousness,
coupled with the absence of pre-existing immunity, facilitated its relentless propagation.
The reproductive number (R0) of COVID-19 surpassed that of influenza, necessitating
governments across the globe to institute stringent measures, including lockdowns, in
an effort to curtail human movement and social interactions, effectively dampening the
trajectory of the epidemic.

Subsequent to the implementation of lockdowns, a pivotal transformation occurred in
our understanding of the COVID-19 pandemic. Data emerging from the initial outbreak in
Wuhan, China, revealed a noticeable reduction in the time-varying reproductive number
(Rt) during February 2020 [10]. This decline in Rt strongly indicated that the measures
instituted through lockdowns and restrictions were indeed effective in curbing the rapid
spread of the virus.

However, it is essential to highlight that the battle against COVID-19 was not solely
fought on the epidemiological front. An equally significant development was the early
access to the complete genome of SARS-CoV-2, the virus responsible for COVID-19. This
scientific milestone paved the way for the development of highly specific primers and the
standardization of laboratory protocols essential for COVID-19 diagnosis. Notably, one such
diagnostic method, the real-time reverse transcription polymerase chain reaction (RT-PCR)
assay, was meticulously crafted to target specific genetic regions of SARS-CoV-2. This assay,
focusing on the RNA-dependent RNA polymerase (RdRp), envelope (E), and nucleocapsid
(N) genes of the virus, was published on 23 January 2020 [11,12]. Among these genetic
targets, the RdRp assay stood out due to its remarkable analytical sensitivity, offering
significant promise for the precise diagnosis and continuous monitoring of COVID-19 cases.
However, amidst these remarkable strides in diagnostic methods and molecular virology,
there remained a notable gap in our understanding. A comprehensive investigation into
the expression levels of the RdRp, N, and E genes within SARS-CoV-2 patient specimens
had been conspicuously absent. It is this knowledge gap that served as the impetus for the
present study.

Our research is not confined to the conventional boundaries of molecular virology
or epidemiology. Instead, it embarks on a profound exploration by conducting a meticu-
lous big data analysis of the global epidemiological landscape of SARS-CoV-2. Through
this journey, we delve deep into the dynamic expression profiles of the RdRp, N, and E
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genes within patients, tracing their trajectory from diagnosis to their role in shaping the
broader pandemic response. The use of rigorous statistical analyses lies at the heart of
our methodology, aimed at unearthing nuanced insights concealed within these pivotal
genetic markers.

In essence, our study transcends the typical confines of conventional research by offer-
ing a comprehensive view of the COVID-19 pandemic. It is our hope that this undertaking
will not only fill a crucial void in the understanding of SARS-CoV-2 but also provide vital
insights for policymakers, healthcare professionals, and researchers seeking to navigate the
complex terrain of this global health crisis. This comprehensive study, therefore, endeavors
to unravel the multifaceted nature of the COVID-19 pandemic by shedding light on its
epidemiological dynamics and the genetic aspects of the virus. Through this, it contributes
to the collective understanding of the disease and provides insights that can potentially
guide future research and public health strategies.

2. Materials and Methods
2.1. Patient Sample Collection and Dataset

Upon the arrival of samples from various Saudi hospitals, a rigorous and standard-
ized SARS-CoV-2 testing protocol was employed to ensure the accuracy and reliability of
the diagnostic process. The study cohort consisted of a total of 1200 patients who were
admitted to healthcare facilities between the months of January and May in the year 2020.
To comprehensively detect the presence of the SARS-CoV-2 virus, the real-time reverse tran-
scription polymerase chain reaction (RT-PCR) method was employed, targeting all three
essential genes of the virus, namely RdRp, E, and N. In line with the protocols established
by the National Center for Infectious and Parasitic Diseases, a comprehensive dataset was
meticulously curated, encompassing a wide array of information for each patient. This
dataset included essential details such as patient names, contact information, date of sample
collection, presenting symptoms, existing comorbidities, epidemiological information, the
onset of symptoms, and demographic characteristics. All data collection processes adhered
to the guidelines set forth by the National Center for Infectious and Parasitic Diseases,
ensuring consistency and uniformity in information capture (as illustrated in Figure 1).

To further categorize and classify patients based on clinical criteria, our study aligned
with the interim guidance provided by the World Health Organization (WHO) [13]. Patients
who exhibited pneumonia-like symptoms, irrespective of whether they presented with
imaging findings, were classified as having symptoms consistent with COVID-19. This
approach was in accordance with international standards for identifying potential cases
of the disease. One of the key strengths of our study lies in the utilization of the entire
cohort of patient samples. This extensive dataset allowed us not only to diagnose and
analyze COVID-19 cases but also to extrapolate the prevalence of SARS-CoV-2 within the
broader Saudi Arabian population. This epidemiological perspective was instrumental in
determining the appropriate levels of statistical significance needed to discern and interpret
the observed differences within our dataset. By undertaking this approach, we aimed
to contribute to a more holistic understanding of the virus’s impact and epidemiological
dynamics in the Saudi Arabian context.

The sample size (n) were calculated according to the formula:

n =
2(1 − p)pz2

e
(
(1−p)pz2

2eN + 1
)

The equation for calculating the margin of error (e) for a given proportion (p), population size (N),

and confidence level (α) of 95% is e = z × sqrt(p × (1 − p)/N). Here, z = 1.96.

z = 1.96, p = 0.5, N = 35,000,000, e = 0.05
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n =
1.962 · 0.5 · 1 − 0.5

0.052

1 +
(

1.962 · 0.5 · 1 − 0.5
0.052 · 35,000,000

)
n = 384.16/1 = 384.156

n ≈ 385 patients

The sample size with a finite population correction was calculated to be 385.
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Figure 1. Massive and rapid COVID-19 testing by extraction of SARS-CoV-2 RT-PCR.

2.2. Design of qRT-PCR Primers Targeting E, N, and RdRp Genes

We employed the proposed primer pair to PCR amplify the target genes E, N, and
RdRp using a CLC workbench. To verify the primer pair’s coverage and alignment with the
target sequences, we conducted a nucleotide base blast on all three-primer sequences. This
involved importing them as separate sequences and assessing primer-binding locations,
considering scores and mismatches at the primer 3′ end [14].

2.3. Detection of SARS-CoV-2 through RNA Isolation and RT-PCR

In our laboratory, we conducted the extraction of total nucleic acid (TNA) from both
clinical specimens and viral isolates using the NucliSENS easyMAG system, which is
manufactured by bioMérieux located in Marcy-l’Étoile, France. The specific elution volume
used for this extraction process was determined based on the type of specimen, with
a volume of 55 µL employed for respiratory tract specimens, urine, rectal swabs, and
feces. For plasma specimens, a larger elution volume of 100 µL was utilized, while a
volume of 25 µL was used for extractions. All extracted TNA samples were subsequently
stored at a temperature of −80 ◦C and were prepared for use in all reverse transcription
polymerase chain reaction (RT-PCR) tests. The actual process of detecting and analyzing
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the SARS-CoV-2 genes was carried out using the Bio-Rad CFX96 Real-time PCR system,
identified by the reference number 1854095-IVD. This system allowed us to examine the
amplification curves and Ct values within 45 cycles, which are crucial parameters for
identifying the presence of the virus in the samples. In addition to the SARS-CoV-2 genes,
we included an internal control amplification step in our testing procedures. This control
step was essential for confirming the quality of the RNA extracted from the specimens and
for ensuring the reliability and accuracy of our RT-PCR tests.

2.4. Statistical Analysis

We employed descriptive statistics to analyze the various variables under considera-
tion, including measures such as means, medians, standard deviations, and interquartile
ranges. Variables with distinct characteristics were represented using whole numbers
and percentages. To assess potential associations between categorical variables and to
compare the performance of our study, we utilized cross-tabulation, the Chi-squared test,
and Fisher’s exact test. Statistical significance was determined when the p-value was less
than 0.05. The data analysis was conducted using GraphPad Software, Inc.’s software,
specifically version 9.3.1 (La Jolla, CA, USA).

In order to determine the mean through simulation, we conducted an investigation into
the properties of a confidence interval (CI) for “R” and “Shiny”. This exploration considered
how the confidence level and the shape of the population distribution influenced the
properties of the confidence interval. Categorical data were presented with corresponding
95% confidence intervals (95% CIs) (Figure 2). To calculate sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV), we employed an online
statistical tool designed for NPV calculations.
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Furthermore, we examined the effect of increasing sample size on the properties of
confidence intervals. Using a sample mean and simulation, we computed the confidence
interval and margin of error when multiple samples were drawn from the same population
distribution. The sample mean varied within the confidence interval x ± E, encompassing
the population mean (µ) in 95% of the samples.

Confidence interval: 35,070 ± 5.000 (±0.01%) [35,065.000–35,075.000]

x ± Z
s√
n
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Assuming a 95% confidence level, the following variables can be denoted: Z as the
Z-value for the specific confidence level, x as the sample mean, σ as the standard deviation,
and n as the sample size.

Cl = X ± Z × s√
n

= 35,070 ± 1.9600 × 15,092.32√
35,000,000

= 35,070 ± 5.000

The variables Z, x, σ, and n, respectively, represent the confidence level, sample mean,
standard deviation, and sample size. To compute the confidence intervals and margins
of error with a 95% confidence level, the sample mean can be used as it often follows a
normal distribution.

3. Results
3.1. Effective Primers Designed and PCR Validation

We developed a set of highly versatile primers designed for the detection and quan-
tification of gene expression. These primers were crafted using gene sequences obtained
from the NCBI database, and the specifics of these primers, generated through dedicated
software, are presented in detail in Table 1. The software provided valuable insights into
various essential properties, including melting temperatures, GC content, and primer effi-
ciency. Several properties are critical for ensuring the success of PCR reactions, and they
encompass aspects like primer length, GC percentage, efficiency, and melting temperature
(Tm). According to our dataset, the proposed primers were designed to be 20 base pairs in
length, highly specific, and demonstrated effective binding capabilities to their respective
target sequences. Notably, the primers designed for the E, N, and RdRp genes exhibited
GC contents of 52.9%, 55%, and 59%, and melting temperatures of 59.61 ◦C, 60.04 ◦C, and
97.55 ◦C, respectively (as depicted in Figure 3a–c). These melting temperatures fall within
the typical range considered suitable for RT-PCR reactions, ensuring optimal conditions
for gene amplification. In the primer design process, it is also crucial to account for the
temperature at which secondary structures may form, as this can impact the outcomes
of PCR experiments. Based on our results, these primers exhibit the potential to yield
successful PCR results while satisfying essential design criteria.

Table 1. Primer sequences are selected based on analysis of RT-PCR data.

Gene Sequence (5′->3′) Template Strand Length Start Stop Tm GC%

Envelop (E)
ACTACTCTGGTGTGTGGTGC Plus 20 45 64 59.61 55

ACTCGTTTAGGGAAAGGGTCT Minus 21 221 201 58.38 47.62

Nucleocapsid (N)
ACAGGTTACGGTGTTAGGCG Plus 20 337 356 60.04 55

AGGAGTACCCGTTTTCGCTG Minus 20 633 614 60.04 55

RNA-dependent RNA
polymerase (RdRp)

CACCTACACACCTCAGCGTT Plus 20 17,773 17,792 59.97 55

GCACGAACGTGACGAATAGC Minus 20 17,959 17,940 59.98 55



Appl. Microbiol. 2024, 4 139

Appl. Microbiol. 2024, 4, FOR PEER REVIEW  7 
 

 

(Tm). According to our dataset, the proposed primers were designed to be 20 base pairs 
in length, highly specific, and demonstrated effective binding capabilities to their respec-
tive target sequences. Notably, the primers designed for the E, N, and RdRp genes exhib-
ited GC contents of 52.9%, 55%, and 59%, and melting temperatures of 59.61 °C, 60.04 °C, 
and 97.55 °C, respectively (as depicted in Figure 3a–c). These melting temperatures fall 
within the typical range considered suitable for RT-PCR reactions, ensuring optimal con-
ditions for gene amplification. In the primer design process, it is also crucial to account for 
the temperature at which secondary structures may form, as this can impact the outcomes 
of PCR experiments. Based on our results, these primers exhibit the potential to yield suc-
cessful PCR results while satisfying essential design criteria. 

 
Figure 3. (a) The nucleotide sequences of primers and probes are compared to primer-BLAST for 
the envelope gene (E). (b) The primer-BLAST program validates the nucleotide sequence of nucle-
ocapsid (N) primers and probes. (c) The RNA-dependent RNA polymerase gene (RdRp) primer and 
probe nucleotide sequences are compared with primer-BLAST to validate the primers and probes. 

  

Sequence ID Start Alignment End Organism Gene
1 201918171615141312111098765432
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OP829878.1 (+) 18,103 18,122 Severe acute respiratory...
OP829877.1 (+) 18,057 18,076 Severe acute respiratory...
OP753321.1 (+) 18,049 18,068 Severe acute respiratory...
OP753305.1 (+) 17,989 18,008 Severe acute respiratory...
OP715203.1 (+) 18,026 18,045 Severe acute respiratory...
OP714842.1 (+) 18,059 18,078 Severe acute respiratory...
OP619737.1 (+) 18,048 18,067 Severe acute respiratory...
OP619121.1 (+) 18,048 18,067 Severe acute respiratory...
OP583129.1 (+) 17,996 18,015 Severe acute respiratory...
OP520281.1 (+) 17,996 18,015 Severe acute respiratory...
OP489092.1 (+) 18,048 18,067 Severe acute respiratory...
OP488456.1 (+) 18,048 18,067 Severe acute respiratory...
OP483570.1 (+) 18,059 18,078 Severe acute respiratory...
OP337337.1 (+) 18,048 18,067 Severe acute respiratory...
OP334458.1 (+) 18,059 18,078 Severe acute respiratory...
OP332682.1 (+) 18,059 18,078 Severe acute respiratory...
OP307480.1 (+) 17,963 17,982 Severe acute respiratory...
OP285451.1 (+) 18,026 18,045 Severe acute respiratory...
OK287355.1 (+) 18,078 18,097 Sarbecovirus sp.
OK287354.1 (+) 17,993 18,012 Sarbecovirus sp.
OP228332.1 (+) 18,048 18,067 Severe acute respiratory...
ON930994.1 (+) 17,672 17,691 Severe acute respiratory...
ON925944.1 (+) 18,089 18,108 Severe acute respiratory...
ON893411.1 (+) 18,068 18,087 Severe acute respiratory...
OX097949.1 (+) 18,098 18,117 Severe acute respiratory...
OX069211.1 (+) 18,098 18,117 Severe acute respiratory...
ON574805.1 (+) 18,060 18,079 Severe acute respiratory...
OW795798.1 (+) 18,041 18,060 Severe acute respiratory...
OW372951.1 (+) 18,107 18,126 Severe acute respiratory...
OW610638.1 (+) 18,107 18,126 Severe acute respiratory...
OW351425.1 (+) 18,107 18,126 Severe acute respiratory...
OW574022.1 (+) 18,107 18,126 Severe acute respiratory...
OW447219.1 (+) 18,098 18,117 Severe acute respiratory...
ON313043.1 (+) 18,061 18,080 Severe acute respiratory...
ON240590.1 (+) 18,070 18,089 Severe acute respiratory...
ON188695.1 (+) 18,073 18,092 Severe acute respiratory...
OM240725.1 (+) 17,945 17,964 Bat betacoronavirus
OM944804.2 (+) 18,095 18,114 Severe acute respiratory...
OM909498.2 (+) 18,093 18,112 Severe acute respiratory...
ON002732.1 (+) 18,070 18,089 Severe acute respiratory...
OM922862.1 (+) 18,078 18,097 Severe acute respiratory...
OM893705.1 (+) 18,082 18,101 Severe acute respiratory...
OM871235.1 (+) 17,665 17,684 Severe acute respiratory...
OM870847.1 (+) 18,070 18,089 Severe acute respiratory...
OM793314.1 (+) 18,082 18,101 Severe acute respiratory...
OM646806.1 (+) 17,906 17,925 Severe acute respiratory...
OM532868.1 (+) 18,049 18,068 Severe acute respiratory...
OM528821.1 (+) 18,058 18,077 Severe acute respiratory...
OM521788.1 (+) 18,023 18,042 Severe acute respiratory...
OV666210.1 (+) 18,058 18,077 Severe acute respiratory...
OV697150.1 (+) 18,107 18,126 Severe acute respiratory...
OM295434.1 (+) 18,077 18,096 Severe acute respiratory...
OV609641.1 (+) 18,107 18,126 Severe acute respiratory...
OV519123.1 (+) 18,053 18,072 Severe acute respiratory...
OM192709.1 (+) 18,038 18,057 Severe acute respiratory...
OM164801.1 (+) 17,765 17,784 Severe acute respiratory...
OM079837.1 (+) 18,067 18,086 Severe acute respiratory...
OM054009.1 (+) 18,090 18,109 Severe acute respiratory...
OM040537.1 (+) 17,765 17,784 Severe acute respiratory...
OM000735.1 (+) 18,077 18,096 Severe acute respiratory...
OL991118.1 (+) 18,035 18,054 Severe acute respiratory...
OL983565.1 (+) 18,060 18,079 Severe acute respiratory...
OL950508.1 (+) 18,082 18,101 Severe acute respiratory...
OL941178.1 (+) 18,039 18,058 Severe acute respiratory...
OL920869.1 (+) 18,082 18,101 Severe acute respiratory...
OL920865.1 (+) 18,082 18,101 Severe acute respiratory...
OL919820.1 (+) 18,053 18,072 Severe acute respiratory...
OL894077.1 (+) 18,069 18,088 Severe acute respiratory...
OL842729.1 (+) 18,053 18,072 Severe acute respiratory...
OL826498.1 (+) 18,069 18,088 Severe acute respiratory...
OL786512.1 (+) 18,077 18,096 Severe acute respiratory...
OL735230.1 (+) 18,068 18,087 Severe acute respiratory...
OL723762.1 (+) 18,053 18,072 Severe acute respiratory...
OV078708.1 (+) 18,107 18,126 Severe acute respiratory...
OL649999.1 (+) 18,069 18,088 Severe acute respiratory...
OL612191.1 (+) 18,077 18,096 Severe acute respiratory...
OL610395.1 (+) 18,077 18,096 Severe acute respiratory...
OV005508.1 (+) 18,107 18,126 Severe acute respiratory...
OL572678.1 (+) 18,077 18,096 Severe acute respiratory...
OL563736.1 (+) 18,077 18,096 Severe acute respiratory...
OL563733.1 (+) 18,077 18,096 Severe acute respiratory...
OL529939.1 (+) 18,107 18,126 Severe acute respiratory...
OL525501.1 (+) 18,107 18,126 Severe acute respiratory...
OL509501.1 (+) 18,077 18,096 Severe acute respiratory...
OL477105.1 (+) 18,057 18,076 Severe acute respiratory...
OL452896.1 (+) 18,077 18,096 Severe acute respiratory...
OL386569.1 (+) 18,077 18,096 Severe acute respiratory...
OL361369.1 (+) 18,071 18,090 Severe acute respiratory...
XM_050884605.1 (-) 1,417 1,398 Eriocheir sinensis LOC...
XM_050884604.1 (-) 268 249 Eriocheir sinensis LOC...
XM_050884603.1 (-) 213 194 Eriocheir sinensis LOC...
XM_050884601.1 (-) 1,416 1,397 Eriocheir sinensis LOC...
XM_050884600.1 (-) 860 841 Eriocheir sinensis LOC...
OP334574.1 (+) 17,963 Y 17,982 Severe acute respiratory...
OW308482.1 (+) 18,065 Y 18,084 Severe acute respiratory...
OW444557.1 (+) 18,107 Y 18,126 Severe acute respiratory...
OV630376.1 (+) 18,077 Y 18,096 Severe acute respiratory...
ON106351.1 (+) 18,045 N 18,064 Severe acute respiratory...
OM099791.1 (+) 18,082 N 18,101 Severe acute respiratory...
OL952320.1 (+) 18,082 N 18,101 Severe acute respiratory...
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Sequence ID Start Alignment End Organism
1 201918171615141312111098765432

Query_51933 (+) 1 A C A G G T T A C G G T G T T A G G C G 20
MT438700.1 (+) 26,015 26,034 Human coronavirus 229E
MT438699.1 (+) 26,002 26,021 Human coronavirus 229E
MT438698.1 (+) 26,003 26,022 Human coronavirus 229E
MT438697.1 (+) 26,011 26,030 Human coronavirus 229E
MT438696.1 (+) 26,003 26,022 Human coronavirus 229E
MN369046.1 (+) 25,875 25,894 Human coronavirus 229E
MF542265.1 (+) 26,035 26,054 Human coronavirus 229E
KY996417.1 (+) 26,034 26,053 Human coronavirus 229E
KY983587.1 (+) 26,033 26,052 Human coronavirus 229E
KY967357.1 (+) 25,991 26,010 Human coronavirus 229E
KY621348.1 (+) 25,935 25,954 Human coronavirus 229E
KY674919.1 (+) 25,883 25,902 Human coronavirus 229E
OK073084.1 (+) 25,988 26,007 Human coronavirus 229E
OK073083.1 (+) 26,033 26,052 Human coronavirus 229E
OK073082.1 (+) 26,027 26,046 Human coronavirus 229E
OK073081.1 (+) 26,033 26,052 Human coronavirus 229E
OK073080.1 (+) 25,962 25,981 Human coronavirus 229E
OK073079.1 (+) 26,033 26,052 Human coronavirus 229E
OK073078.1 (+) 25,977 25,996 Human coronavirus 229E
OK073077.1 (+) 26,033 26,052 Human coronavirus 229E
MZ712010.1 (+) 25,976 25,995 Human coronavirus 229E
OK662398.1 (+) 26,022 26,041 Human coronavirus 229E
MH828489.1 (+) 26,011 26,030 Human coronavirus 229E
LC543621.1 (+) 313 332 Human coronavirus 229E
LC543620.1 (+) 313 332 Human coronavirus 229E
AB691767.2 (+) 26,001 26,020 Human coronavirus 229E
AB691766.2 (+) 25,997 26,016 Human coronavirus 229E
AB691765.2 (+) 25,999 26,018 Human coronavirus 229E
AB691764.2 (+) 26,007 26,026 Human coronavirus 229E
MW587038.1 (+) 25,951 25,970 Human coronavirus 229E
MW587037.1 (+) 26,039 26,058 Human coronavirus 229E
MW587036.1 (+) 25,879 25,898 Human coronavirus 229E
MW587035.1 (+) 25,963 25,982 Human coronavirus 229E
OK625404.1 (+) 25,975 25,994 Human coronavirus 229E
MW202340.1 (+) 26,023 26,042 Human coronavirus 229E
LC654446.1 (+) 26,012 26,031 Human coronavirus 229E
MT492222.1 (+) 61 80 Human coronavirus 229E
MT492221.1 (+) 61 80 Human coronavirus 229E
MT492220.1 (+) 61 80 Human coronavirus 229E
MT492219.1 (+) 61 80 Human coronavirus 229E
MT492218.1 (+) 61 80 Human coronavirus 229E
MT492217.1 (+) 61 80 Human coronavirus 229E
MT492216.1 (+) 61 80 Human coronavirus 229E
MT492215.1 (+) 61 80 Human coronavirus 229E
MT492214.1 (+) 61 80 Human coronavirus 229E
MT492213.1 (+) 61 80 Human coronavirus 229E
MT492212.1 (+) 61 80 Human coronavirus 229E
MW532107.1 (+) 26,026 26,045 Human coronavirus 229E
MW532106.1 (+) 26,029 26,048 Human coronavirus 229E
MW532105.1 (+) 26,029 26,048 Human coronavirus 229E
MW532104.1 (+) 26,029 26,048 Human coronavirus 229E
MW532103.1 (+) 26,029 26,048 Human coronavirus 229E
MT118677.1 (+) 26,033 26,052 Human coronavirus 229E
MT797757.1 (+) 337 356 Human coronavirus 229E
MT797756.1 (+) 337 356 Human coronavirus 229E
MT797755.1 (+) 337 356 Human coronavirus 229E
MT797754.1 (+) 337 356 Human coronavirus 229E
MT797753.1 (+) 337 356 Human coronavirus 229E
MT797752.1 (+) 337 356 Human coronavirus 229E
MT797751.1 (+) 337 356 Human coronavirus 229E
MT797750.1 (+) 337 356 Human coronavirus 229E
MT797749.1 (+) 337 356 Human coronavirus 229E
MT797748.1 (+) 337 356 Human coronavirus 229E
MT797747.1 (+) 337 356 Human coronavirus 229E
MT797746.1 (+) 337 356 Human coronavirus 229E
MT797745.1 (+) 337 356 Human coronavirus 229E
MT797744.1 (+) 337 356 Human coronavirus 229E
MT797743.1 (+) 337 356 Human coronavirus 229E
MT797742.1 (+) 337 356 Human coronavirus 229E
MT797741.1 (+) 337 356 Human coronavirus 229E
MT797740.1 (+) 337 356 Human coronavirus 229E
MT797739.1 (+) 337 356 Human coronavirus 229E
MT797738.1 (+) 337 356 Human coronavirus 229E
MT797737.1 (+) 337 356 Human coronavirus 229E
MT797736.1 (+) 337 356 Human coronavirus 229E
MT797735.1 (+) 337 356 Human coronavirus 229E
MT797733.1 (+) 337 356 Human coronavirus 229E
MT797732.1 (+) 337 356 Human coronavirus 229E
MT797731.1 (+) 337 356 Human coronavirus 229E
MT797730.1 (+) 337 356 Human coronavirus 229E
MT797729.1 (+) 337 356 Human coronavirus 229E
MT797728.1 (+) 337 356 Human coronavirus 229E
MT797727.1 (+) 337 356 Human coronavirus 229E
MT797726.1 (+) 337 356 Human coronavirus 229E
MT797725.1 (+) 337 356 Human coronavirus 229E
MT797724.1 (+) 337 356 Human coronavirus 229E
MT797723.1 (+) 337 356 Human coronavirus 229E
MT797722.1 (+) 337 356 Human coronavirus 229E
MT797721.1 (+) 337 356 Human coronavirus 229E
MT797720.1 (+) 337 356 Human coronavirus 229E
MT797719.1 (+) 337 356 Human coronavirus 229E
MT797718.1 (+) 337 356 Human coronavirus 229E
MT797717.1 (+) 337 356 Human coronavirus 229E
MW039392.1 (+) 25,574 25,593 Human coronavirus 229E
MN488627.1 (+) 350 369 Human coronavirus 229E
MN488626.1 (+) 350 369 Human coronavirus 229E
MN488625.1 (+) 350 369 Human coronavirus 229E
MN488624.1 (+) 350 369 Human coronavirus 229E
MN488619.1 (+) 125 144 Human coronavirus 229E
MN488618.1 (+) 134 153 Human coronavirus 229E
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Sequence ID Start Alignment End Organism
1 201918171615141312111098765432

Query_28423 (+) 1 A C T A C T C T G G T G T G T G G T G C 20
LR778272.1 (-) 17,526... 17,526... Coregonus sp. ’balchen’
MT438700.1 (+) 24,787 24,806 Human coronavirus 229E
MT438699.1 (+) 24,774 24,793 Human coronavirus 229E
MT438698.1 (+) 24,775 24,794 Human coronavirus 229E
MT438697.1 (+) 24,783 24,802 Human coronavirus 229E
MT438696.1 (+) 24,775 24,794 Human coronavirus 229E
MN369046.1 (+) 24,647 24,666 Human coronavirus 229E
MN306046.1 (+) 24,807 24,826 Human coronavirus 229E
MF542265.1 (+) 24,807 24,826 Human coronavirus 229E
KY996417.1 (+) 24,806 24,825 Human coronavirus 229E
KY983587.1 (+) 24,805 24,824 Human coronavirus 229E
KY967357.1 (+) 24,763 24,782 Human coronavirus 229E
KY621348.1 (+) 24,707 24,726 Human coronavirus 229E
KY674919.1 (+) 24,655 24,674 Human coronavirus 229E
KY674914.1 (+) 24,638 24,657 Human coronavirus 229E
KY684760.1 (+) 24,805 24,824 Human coronavirus 229E
KY369909.2 (+) 24,154 24,173 Human coronavirus 229E
KY369914.1 (+) 24,784 24,803 Human coronavirus 229E
KY369913.1 (+) 24,759 24,778 Human coronavirus 229E
KY369912.1 (+) 24,761 24,780 Human coronavirus 229E
KY369911.1 (+) 24,805 24,824 Human coronavirus 229E
KY369910.1 (+) 24,761 24,780 Human coronavirus 229E
KY369908.1 (+) 24,753 24,772 Human coronavirus 229E
OK073084.1 (+) 24,760 24,779 Human coronavirus 229E
OK073083.1 (+) 24,805 24,824 Human coronavirus 229E
OK073082.1 (+) 24,799 24,818 Human coronavirus 229E
OK073081.1 (+) 24,805 24,824 Human coronavirus 229E
OK073080.1 (+) 24,734 24,753 Human coronavirus 229E
OK073079.1 (+) 24,805 24,824 Human coronavirus 229E
OK073078.1 (+) 24,749 24,768 Human coronavirus 229E
OK073077.1 (+) 24,805 24,824 Human coronavirus 229E
ON729316.1 (+) 24,772 24,791 Human coronavirus 229E
ON791801.1 (+) 24,805 24,824 Human coronavirus 229E
MZ712010.1 (+) 24,748 24,767 Human coronavirus 229E
OK662398.1 (+) 24,794 24,813 Human coronavirus 229E
MH828489.1 (+) 24,783 24,802 Human coronavirus 229E
AB691767.2 (+) 24,773 24,792 Human coronavirus 229E
AB691766.2 (+) 24,769 24,788 Human coronavirus 229E
AB691765.2 (+) 24,771 24,790 Human coronavirus 229E
AB691764.2 (+) 24,779 24,798 Human coronavirus 229E
MW587038.1 (+) 24,723 24,742 Human coronavirus 229E
MW587037.1 (+) 24,811 24,830 Human coronavirus 229E
MW587036.1 (+) 24,651 24,670 Human coronavirus 229E
MW587035.1 (+) 24,735 24,754 Human coronavirus 229E
OK625404.1 (+) 24,747 24,766 Human coronavirus 229E
MW202340.1 (+) 24,795 24,814 Human coronavirus 229E
LC654446.1 (+) 24,784 24,803 Human coronavirus 229E
LC654445.1 (+) 24,784 24,803 Human coronavirus 229E
KF293666.1 (+) 24,502 24,521 Human coronavirus 229E
KF293664.1 (+) 24,502 24,521 Human coronavirus 229E
KF514433.1 (+) 24,756 24,775 Human coronavirus 229E
KF514432.1 (+) 24,735 24,754 Human coronavirus 229E
KF514431.1 (+) 24,732 24,751 Human coronavirus 229E
KF514430.1 (+) 24,756 24,775 Human coronavirus 229E
KF514429.1 (+) 24,756 24,775 Human coronavirus 229E
MW532107.1 (+) 24,798 24,817 Human coronavirus 229E
MW532106.1 (+) 24,801 24,820 Human coronavirus 229E
MW532105.1 (+) 24,801 24,820 Human coronavirus 229E
MW532104.1 (+) 24,801 24,820 Human coronavirus 229E
MW532103.1 (+) 24,801 24,820 Human coronavirus 229E
MT118677.1 (+) 24,805 24,824 Human coronavirus 229E
MT797634.1 (+) 24,805 24,824 Human coronavirus 229E
JX503061.1 (+) 24,767 24,786 Human coronavirus 229E
JX503060.1 (+) 24,806 24,825 Human coronavirus 229E
MW039392.1 (+) 24,346 24,365 Human coronavirus 229E
NC_002645.1 (+) 24,794 24,813 Human coronavirus 229E
X64942.1 (+) 497 516 Human coronavirus 229E
X15654.1 (+) 752 771 Human coronavirus 229E
XR_003379449.1 (+) 157 175 Zonotrichia albicollis
LR862394.1 (+) 62,212... 62,212... Arvicola amphibius
LR597561.1 (-) 21,017... 21,017... Myripristis murdjan
OW185638.1 (-) 21,754... 21,754... Solea senegalensis
OW185638.1 (+) 18,380... 18,380... Solea senegalensis
OU911083.1 (-) 29,192... 29,192... Melinaea marsaeus rileyi
OU911042.1 (-) 28,950... 28,950... Melinaea menophilus n. ...
OU911042.1 (-) 6,902,... 6,902,... Melinaea menophilus n. ...
OU383778.1 (-) 6,240,... 6,240,... Acrocephalus scirpaceus...
OU342721.1 (-) 6,148,... 6,148,... Taurulus bubalis
LR877200.1 (-) 14,543... 14,543... Onychomys torridus
LR877200.1 (+) 26,486... 26,486... Onychomys torridus
AL606927.12 (-) 29,542 29,525 Mus musculus
LR584422.1 (+) 19,473... 19,473... Salmo trutta
AP018155.1 (+) 21,803... 21,803... Caenorhabditis inopinata
MZ474803.1 (+) 1,575 1,592 Bat coronavirus
MZ474802.1 (+) 1,575 1,592 Bat coronavirus
MZ474801.1 (+) 1,594 1,611 Bat coronavirus
MZ293735.1 (+) 25,345 25,362 Hipposideros bat coronav...
OV277350.1 (+) 18,495... 18,495... Sicus ferrugineus
OU452229.1 (+) 13,828... 13,828... Marthasterias glacialis
CP064895.1 (+) 2,280,... 2,280,... Chrysoporthe sp. MAF-2...
JN951471.1 (+) 34,451 34,468 Mus musculus
OX359313.1 (-) 66,909... 66,909... Apodemus sylvaticus
OX123191.2 (-) 39,608... 39,608... Euclidia mi
OW388272.2 (-) 9,938,... 9,938,... Protodeltote pygarga
XM_040377992.2 (-) 3,008 2,992 Anopheles coluzzii
OX359277.1 (+) 29,673... 29,673... Hedera helix
OX359245.1 (+) 18,751... 18,751... Allacma fusca
OX359223.1 (+) 397,231 397,247 Bicyclus anynana
OX123207.2 (+) 25,151... 25,151... Euclidia mi
AP026199.1 (+) 13,733... 13,733... Bombyx mori
OX337241.1 (+) 2,195,... 2,195,... Epithemia pelagica
OX337241.1 (+) 2,206,... 2,206,... Epithemia pelagica
OW388269.2 (+) 12,144... 12,144... Protodeltote pygarga
OX328016.1 (+) 36,074... 36,074... Netelia dilatata
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Figure 3. (a) The nucleotide sequences of primers and probes are compared to primer-BLAST for the
envelope gene (E). (b) The primer-BLAST program validates the nucleotide sequence of nucleocapsid
(N) primers and probes. (c) The RNA-dependent RNA polymerase gene (RdRp) primer and probe
nucleotide sequences are compared with primer-BLAST to validate the primers and probes.

3.2. Wide-Ranging Characteristics of Patient Sample Distribution

The SARS-CoV-2 genome was detected using real-time RT-PCR, with a focus on the E,
RdRp, and N genes. Simplex qRT-PCR assays were employed to evaluate all primers and
probes. Careful calibration of the qRT-PCR equipment was conducted before preparing
the reactions to ensure optimal fluorescence signal generation. Simplex reactions targeting
the virus’s E, N, and RdRp genes, along with internal control genes (HPRT and RP), were
carried out in triplicate.

As per the COVID-19 diagnosis criteria, a Ct value of 37.00 indicated a positive
sample, a Ct value of 40.00 signified a negative sample, and a Ct value of 40.00 was
indicative of a suspect sample. The total number of COVID-19 RT-PCR assays conducted
on the 1000 COVID-19 patients included in this study was 988, and their frequency and
distribution are depicted in Figures 4 and 5. The mean age of the patients was 33.86 years,
with a standard deviation of 0.499. The study cohort comprised 68.3% male and 31.7%
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female patients. Of the 988 patients, 317 (32%) received negative results, while 671 (67.91%)
tested positive in the COVID-19 RT-PCR tests (as shown in Table 2). Among the patients
with negative results, 221 (69.71%) were male, and 96 (30.28%) were female.
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Figure 4. Different countries affected by the COVID-19 pandemic are grouped according to their
frequency.
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Table 2. The frequency distribution of the three targeted genes across different categories.

Measures Groups Frequency Percent Frequency (%)

Age 33.86 ± 0.499
Age groups >60 years 931 94.2

≤60 years 57 5.8
Gender Female 313 31.7

Male 675 68.3
E gene Negative 671 67.9

Positive 317 32.1
N gene Negative 551 55.8

Positive 437 44.2
RdRp gene Negative 619 62.7

Positive 369 37.3

3.3. SARS-CoV-2 Genes Detected via Quantitative RT-PCR

In the majority of cases, the E gene (454 cases, 67.25%), N gene (374 cases, 55.40%),
and RdRp (416 cases, 61.62%) were responsible for positive findings. Among the positive
cases, females accounted for 217 (69.32%) in the E gene, 177 (56.54%) in the N gene, and 203
(64.85%) in the RdRp gene. The gender distribution in COVID-19 positive cases showed
that 31.7% were female, while 68.3% were male, indicating a distinct reaction of the primers
and probes toward COVID-19 genes based on gender (as shown in Table 3). Of the total
988 samples, which included both male and female subjects, those aged over 60 had
636 positive cases and 295 negative cases for the E gene. For the N gene, both age groups
had positive and negative results, with 519 positive cases and 412 negative cases for those
over 60. As for the RdRp gene, only the over-60 group exhibited a high positivity rate, with
586 positive cases and 345 negative cases, while the younger age group had 33 positive
cases and 24 negative cases. In the end, reports of COVID-19 infections were classified as
“inconclusive”, and the total of 988 samples included both positive and negative cases.

Table 3. The three genes associated with gender and age groups.

Measures Groups
E Gene

χ2 P
(1-Sided) OR

95% CI

Positive Negative LOWER UPPER

Gender Female 217 96 0.420 0.283 1.100 0.824 1.469
Male 454 221

Age Groups >60 636 295 1.177 0.173 1.355 0.781 2.351
≤60 35 22

N Gene

Positive Negative

Gender Female 177 136 0.113 0.395 1.047 0.799 1.372
Male 374 301

Age Groups >60 519 412 0.003 0.533 0.984 0.574 1.687
≤60 32 25

RdRp Gene

Positive Negative

Gender Female 203 110 0.951 0.183 1.149 0.869 1.519
Male 416 259

Age Groups >60 586 345 0.585 0.264 1.235 0.718 2.125
≤60 33 24

Categorical data analysis yielded a normal positive predictive value (PPV) of 100%
and a normal negative predictive value (NPV) of 100%. However, the confidence intervals
(CIs) for PPV were at 90.3%, while the NPV had a 95% CI, indicating a 95% CI accuracy.
Utilizing Statcrunch, it was evident that the interval had approximately 90% confidence. By
establishing a real 95% confidence level with a line corresponding to 95% of the population
mean (Figure 6a,b), each green horizontal line represented a confidence interval, with the
black vertical line indicating the true population mean. With the sample size approaching
988, the width of the confidence interval decreased significantly. As depicted in Figure 4,
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the 95% confidence intervals for 100 samples of size 10 from a Gaussian distribution with
an actual mean of 10 were illustrated. Out of 100 intervals, 94 captured the true value
of 10, meaning that 95 out of 100 confidence intervals would capture the true population
parameter due to the effects of sampling variation in a random set of 100 intervals.
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Figure 6. (a) According to the statistical analysis software StatCrunch [15–19], we were able to calculate
1000 90% confidence intervals based on a population proportion of p = 0.22 and a sample size of 988
from Saudi Arabia. The default confidence level of 0.90 was used for the ER Data StatGraph applets,
with a default proper population proportion of 0.50. We conducted 100 simulation runs using these
default values, and the green and red lines in the “Prop” section represent the value of a prop using
the black vertical line definition and the confidence intervals with an actual population proportion of
0.50 between their lower and upper bounds. We also performed an additional 1000 simulation runs
and calculated 1000 confidence intervals using the “1000 intervals” table. The “Prop” field indicates
95% confidence in a single computed confidence interval assuming a “Prop” value of 90% (=0.90). In
(b), Xbarsz is an estimator of µ, while s (sample standard deviation) is an estimator of σ.
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4. Discussions

Real-time RT-PCR, often referred to as the “gold standard”, has emerged as a cor-
nerstone in the global response to the COVID-19 pandemic. This method is instrumental
in detecting viral RNA in clinical samples, including sputum, nasal swabs, and throat
swabs [20,21]. As the number of COVID-19 cases surged rapidly, the accurate detection
of the virus became paramount for effective outbreak control. However, it is important to
recognize that real-time RT-PCR results can be influenced by various factors, encompassing
the choice of the primer/probe set, viral load, sample quality, anatomical site for sample
collection (e.g., mouth or nasal cavity), and timing of sampling [22]. Notably, the sensitivity,
specificity, and efficiency of the numerous available primer and probe sets can exhibit
substantial variations, contributing to the ongoing challenge of result consistency.

In addressing this issue, certain key genes for SARS-CoV-2 screening, namely E, N,
and RdRp, have demonstrated exceptional accuracy and have garnered endorsement from
globally recognized health authorities such as the World Health Organization (WHO) and
the Centers for Disease Control and Prevention (CDC) [23–25]. It is important to underscore
that even within the framework of RT-PCR, the Ct values for positive samples may vary
across these gene targets (E, N, RdRp). This variation holds clinical significance, as it
underscores the point that while RT-PCR is widely accepted as the standard for COVID-19
testing, not all positive results, especially those with high Ct values, necessarily equate to
active infectivity. This complexity underscores the need for a nuanced interpretation of
results, considering factors beyond mere positivity to assess infectivity and inform public
health measures effectively.

In March 2020, the Ministry of Health (MOH) in the Kingdom of Saudi Arabia (KSA)
reported its first COVID-19 case. By December 2020, Saudi Arabia had documented
358,713 cases and 5965 fatalities, as confirmed by the MOH’s official website [26–28]. This
study was primarily centered on the Saudi Arabian population, involving the analysis
of 988 samples from COVID-19 RT-PCR tests. These samples were sourced from 57% of
COVID-19 patients at the Makkah regional laboratory. It is worth noting that this research
represents an initial step in our broader exploration of SARS-CoV-2-infected patients, and
our future studies will delve deeper into this analysis. It is crucial to underscore that
comprehending the pandemic’s impact in KSA and other countries hinges significantly on
our understanding of the clinical and epidemiological factors related to COVID-19 mortality.
This research forms a vital part of the collective effort to enhance this understanding,
ultimately contributing to more effective strategies for pandemic control and management.

Our study offers valuable insights into the duration of virus shedding in lower res-
piratory tract samples. We observed that in 55% of cases, shedding persisted for more
than 14 days, reaching its peak approximately three weeks after the onset of symptoms.
The accurate determination of shedding duration is of paramount importance for effective
epidemic control and prevention. The availability of a highly sensitive and specific diag-
nostic assay is indispensable for the identification of cases, efficient contact tracing, and the
diagnosis of suspected SARS-CoV-2 infections. Our findings indicate that in respiratory
samples, shedding endured for approximately 18–20 days, with the highest shedding levels
occurring in the respiratory specimens of positive cases around 10 to 14 days after the
onset of symptoms [29–35]. These insights have significant implications for public health
strategies aimed at curbing the spread of the virus.

On a global scale, COVID-19 has had a more significant impact on individuals from
countries other than Saudi Arabia, particularly those from India (7.2%) and Bangladesh
(7.7%). Our study revealed a higher susceptibility to infection among males, with 68.33%
of cases being male, while 31.68% were female, consistent with findings from previous
research [24]. We also identified a substantial difference in infection rates between different
age groups (>60 and ≤60), with a calculated p-value of 0.009 and a confidence interval
(CI) of 1.30. This observation aligns with other studies that have reported an elevated risk
of SARS-CoV-2 infection among older individuals. This higher risk may be attributed to
the virus’s ability to transmit in the alveoli, which contain higher levels of angiotensin-
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converting enzyme 2 [25–28]. These findings underscore the importance of tailoring public
health measures to different demographics, especially as we work to mitigate the impact of
the pandemic.

5. Conclusions

This comprehensive study has illuminated critical aspects of COVID-19 detection and
its far-reaching epidemiological implications. It underscores the pivotal role of real-time
RT-PCR as the foundation of COVID-19 diagnostics, while delving into the behavior of key
viral genes, namely E, N, and RdRp. The global response to the pandemic has consistently
emphasized the importance of precise diagnostics, and our research offers invaluable
insights into this aspect. We have highlighted that, even though real-time RT-PCR is
considered the gold standard, its reliability is contingent on several factors. Hence, there is
a pressing need for the development of highly specific and sensitive assays to augment its
performance.

Our findings provide profound insights into the dynamics of the pandemic in Saudi
Arabia, while also underscoring the need for comprehensive studies that encompass the
influence of clinical and epidemiological factors. The duration of virus shedding in respira-
tory samples and the observed variations in susceptibility among different demographics
serve as stark reminders of the multifaceted nature of COVID-19. These revelations rein-
force the necessity for tailored public health measures and underscore the ongoing need
for research and vigilance. This study, therefore, makes a substantial contribution to our
understanding of COVID-19 and will play a vital role in refining containment strategies,
diagnostic methods, and the formulation of public health policies designed to mitigate the
impact of the ongoing pandemic.
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