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Abstract

Background Presented work studies the association of COVID-19 severity, patient demographics, and clinical history with
cycle threshold (Ct) values of SARS CoV2-rRT-PCR. We studied the Ct values for Orflab, N, and RdRp genes in associa-
tion with all the factors mentioned above.

Methods and results We examined the individuals (n=6331) that consulted two private diagnostic centers for COVID-19
testing. SARS-CoV-2 was detected by RT-PCR assays using different commercial kits. Clinical and demographic infor-
mation was collected by the attending health care professional. Ct values were not associated with the age, sex, or clinical
history of the patient. Orflab and N genes Ct values were only weakly associated with symptoms at the time of the SARS-
CoV-2 RT-PCR test. Also, the distributions of Ct values in SARS-CoV-2 positive patients are very similar irrespective of
symptomatology.

Conclusion We conclude that the Ct values may have limitations in reliably predicting COVID-19 severity and should be
used or reported with caution.
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Introduction

The method generally used for diagnostic testing and screen-
ing for COVID-19 is quantitative (real-time) reverse tran-
scriptase polymerase chain reaction (RT-PCR) analysis of
viral RNA—extracted from upper respiratory tract samples
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[1-4]. Real-time RT-PCR cycle threshold or Ct value can
be defined as the amplification cycle number required for
the target gene to exceed the positivity threshold. Different
countries or health organizations may recommend a slightly
different Ct value (ranging between 25 and < 40) for declar-
ing a positive result [5, 6]. In Pakistan, different labs use
different cycle threshold values to determine a positive test,
which usually depends upon the instructions on the com-
mercial kits they are using [7].

The Ct values are inversely related to the viral load. They
may provide an indirect method of quantifying the copy
number of viral RNA in the sample. A few studies have
linked Ct values with the severity of the disease (reviewed
in [8]). However, others suggest that Ct values may have
limitations in reliably predicting disease severity and should
be used or reported with caution. There is no standardization
for Ct values across various RT-PCR platforms; hence it is
difficult to compare different test results. Also, there is a lack
of clinical data that validates the use of Ct values to guide
the management of COVID-19 cases.

The literature review indicates that there are only
a handful of published studies to date that explore an
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association between Ct values and COVID-19 severity.
Moreover, the association between Ct values and patient
demographics has not been studied in detail. The presented
work explores the association of various demographic fac-
tors, including the patient's age, sex, and clinical history,
with Ct values. We explored the Ct values for the three tar-
get genes in association with the patient demographics. We
also explored the variation in Ct values across patients that
were asymptomatic or developed COVID-19 symptoms.
Besides, the association between the number of detected
genes and Ct values was also determined.

Material and methods
Study-population, ethics, and sample collection

This study includes the patients (n=6331) that consulted
various collection centers of the two private diagnostic
centers (Hormone Lab, Lahore, and Test Zone diagnos-
tic centre, Lahore) in Lahore between May 1, 2020, and
November 30, 2020, for COVID-19 testing. The institu-
tional biosafety committee-Hormone lab, approved the
study protocol for human subjects (Ethical Approval
Number HM/ 56-06). Informed consent was obtained from
each study-subject before sample collection. The infor-
mation on symptoms, clinical history, and demograph-
ics of each participant was collected by the attending
healthcare professional. A confirmed case of COVID-19
was defined as having a positive result through real-time
reverse-transcriptase-polymerase-chain-reaction (RT-
PCR) assay of nasopharyngeal swab specimens. Only
laboratory-confirmed cases were included in the analysis.
The patients were classified as asymptomatic, have severe
or mild symptoms based on the guidelines provided by
the WHO [9].

RNA extraction and RT-PCR

Deep nasal cavity swab (nasopharyngeal) samples were
collected from patients, and viral RNA was extracted by
using FavorPrep™ Viral Nucleic Acid Extraction Kit
according to the manufacturer's instructions. SARS-CoV-2
was detected by RT-PCR assay using commercially avail-
able COVID-19 Nucleic Acid Detection Kits (Sansure 1
and Sansure 2;Novel Coronavirus (2019-nCoV) Nucleic
Acid Diagnostic Kit, Systaaq;2019-Novel Coronavirus
(COVID-19) Multigene Real Time PCR Kit, Anatolia;
Bosphore Novel Coronavirus (2019-nCoV) Detection Kit
v2, and Geneproof, SARS-CoV-2 PCR Kit) according to
the manufacturer's protocol.
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Statistical analysis

The differences between groups were analyzed by ANOVA
or t-test (paired or unpaired), where applicable. P-val-
ues < 0.05 were considered statistically significant and
indicated when different.

Results and discussion

For the present study, we examined the individuals
(n=6331) that consulted two private diagnostic centers
in Lahore for COVID-19 testing between May 1, 2020,
and November 30, 2020. SARS-CoV-2 was detected by
RT-PCR assays using different commercial kits.

Figure 1a displays the proportion of samples analyzed
by different kits. We noticed that there were two different
versions of Sansure COVID-19 nuclecic acid test kits; we
will refer to them as Sansure I and 2. The highest number
of samples were analyzed by Sansure 1. The gene targets
for each of the kits are displayed in Fig. 1b. We observed
that 17.3% of patients were found to be PCR positive for
SARS-CoV-2. Patient demographics are summarized in
Table 1.

Varying detection frequencies of target genes
in SARS-CoV-2 positive samples

We observed that in the SARS-CoV-2-positive samples,
different target genes had varying detection frequencies
(Fig. lc) For instance, the samples tested positive by the
Sansure 1 kit were mostly single-gene positive—with
Orflab gene detected in 41% and N gene in 30% of the
samples. Nevertheless, 29% of the positive samples (tested
via Sansure 1 kit) were double-gene positive, which means
both the target genes—Orflab and N—were detected.
Similarly, most samples tested positive via other kits were
also single-gene positive.

Previous studies have shown that Ct values are lower
for the samples in which more genes are detected [10]. We
categorized the SARS-CoV-2 positive group into single-
gene and double-gene positives to confirm this hypothesis.
It has been reported that CT values show a significant dif-
ference across various kits [11]. Therefore, we only used
data obtained from the same kit for each of the comparative
analysis. Figure 1d compares the Ct values for Orflab and N
genes among the participants tested SARS-CoV-2 positive
using Sansurel diagnostic kit. We observed that the single-
gene positive groups displayed an approximately similar Ct
values distribution to that in the double-gene positive group.
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Fig. 1 Detection frequencies of target genes and Ct values in SARS-
CoV-2 positive samples. a Bar graph showing the proportion of sam-
ples analyzed by different commercial kits. b The heatmap display-
ing the target genes for each kit. The green-colored box indicates
that this particular kit (see row labels) targets the given gene (see
column labels), while the white-colored box indicates the absence of
the probe for the corresponding gene. ¢ Labels on the right side indi-
cate the commercial kit used to analyze the SARS-CoV-2 suspected
samples. The heatmap in the middle displays the detected genes (red,

detected; white, not detected). The bar graph on the left indicates the
proportion of the samples tested positive for the respective gene or
combination of genes. d Box plots showing Ct values for the respec-
tive genes in single-gene positive (Orflab or N were detected) or
double-gene positive (Orflab+ N were detected) samples. The graphs
show the distribution of Ct values, with the box indicating the 25th—
75th percentiles, with the median indicated. The whiskers show the
range

Table 1 Demographic

.. Variable
characteristics of the cohort by

Total (n=6331)

PCR Negative (n=5237) PCR Positive (n=1094)

SARS-CoV-2 PCR status

Age (years), median (IQR) 34 (28-48) 33 (29-46) 42 (32-55)
<20 410 (6.5%) 364 (7.0%) 46 (4.2%)
20s 1400 (22.1%) 1236 (23.6%) 164 (15.0%)
30s 1730 (27.3%) 1485 (28.4%) 245 (22.4%)
40s 1137 (18.0%) 916 (17.5%) 221 (20.2%)
>50 1553 (24.5%) 1154 (22.0%) 399 (36.5%)
NA 101 (1.6%) 82 (1.6%) 19 (1.7%)
Gender n (%)

Men 4063 (64.1%) 3323 (63.0%) 740 (67.5%)
Women 2268 (35.9%) 1914 (37.0%) 354 (32.5%)

Symptom severity
Asymptomatic

Mild Symptoms

Severe Symptoms

NA

Number of comorbidities

0

v =
)

3888 (61.4%)

3353 (64.0%)

535 (48.9%)

729 (11.5%) 501 (9.6%) 228 (20.8%)
156 (2.5%) 99 (1.9%) 57 (5.2%)
1558 (24.6%) 1284 (24.5%) 274 (25.0%)
5672 (89.6%) 4709 (89.9%) 936 (88.0%)
487 (7.7%) 391 (7.5%) 96 (8.8%)
172 (2.7%) 137 (2.6%) 35 (3.2%)

Ct-values of SARS-CoV2-rRT-PCR in association
with patients' age, sex, or clinical history

Next, we compared the Ct values between male and female
participants. Figure 2a shows that the Ct values for Orflab

and N genes (Sansure I) were not significantly different
between the two sexes. The data for the other diagnostic
kits (Supplementary Fig. 1) also showed similar results for
all the different genes analyzed. This observation is in line
with that of Lieberman et al. [12]; they reported that the Ct
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Fig.2 Comparison of Ct values among participants classified accord-
ing to their age, sex, or clinical history. Box plots showing Ct values
for Orflab, N, or RdRp genes in participants classified according to a
Sex, b Age, and ¢ Number of comorbidities (0, 1, or>2). The graphs

values for the N gene are not significantly different between
men and women.

COVID-19 cases tend to be more severe for older patients
[13-15]. Here, we aimed to study the impact of age on Ct
values. We categorized our study population into different
age groups. It was observed that the Ct values for Orflab and
N genes (Sansure 1) did not significantly vary across various
age groups (Fig. 2b). The age-based analyses for the data
obtained from other kits are presented in Supplementary
Fig. 2. Similar results were also noted for the data from these
kits. A previous study has also indicated that the Ct values
for the N gene do not vary among different age groups [12].

It has been reported that certain comorbidities affect
the severity of COVID-19. Here, we assessed whether the
presence of comorbidities affects Ct values of the target
genes. As shown in Fig. 2c, the Ct values for Orflab and
N genes (Sansure 1) were not significantly different across
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show the distribution of Ct values, with the box indicating the 25th—
75th percentiles, with the median indicated. The whiskers show the
range

the participants with a different number of comorbidities.
Supplementary Fig. 3 compares the Ct values obtained from
other diagnostic kits among people with a different number
of comorbidities. These analyses also failed to provide any
significant difference in the Ct values.

Ct-values of SARS-CoV2-rRT-PCR in association
with symptomology

The Ct values were also compared between symptomatic
versus asymptomatic SARS-CoV-2 positive patients. We
observed that the median Ct values for the Orflab and
N gene (Sansure 1) were slightly lower for the sympto-
matic patients (Fig. 3a). Similarly, the data obtained from
yet another diagnostic kit (Anatolia) displayed a slight
decrease in the median Ct values for the Orflab gene.
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Fig.3 Comparison of Ct values among asymptomatic and symp-
tomatic participants. a Box plots showing Ct values for Orflab, N,
or RdRp genes in asymptomatic and symptomatic participants. The
graphs show the distribution of Ct values, with the box indicating the
25th—75th percentiles, with the median indicated. The whiskers show

Nonetheless, the Ct values for the RdRp gene (Sansure
2 and Systaaq) showed no such trend (Supplementary
Fig. 4).

We want to emphasize that there is a significant over-
lap in Ct values among symptomatic and asymptomatic
patients. Hence, the clinical outcome may not be predicted
by only examining the Ct values obtained in the current
RT-PCR assays validated to detect SARS-CoV-2 RNA.
We also assessed whether the number of genes detected
correlates with COVID-19 severity. Only one gene was
detected in a significant majority of the positive samples,
categorized based on patient symptomology. Nonetheless,
there was a slight increase in double-gene positive samples
in the severe symptom category (Fig. 3b).

This study shows that Ct values for Orflab and N genes
are associated with symptoms at the time of the SARS-
CoV-2 RT-PCR test. Previous works report a similar phe-
nomenon [10, 16, 17]. However, the distributions of Ct
values in SARS-CoV-2 positive patients are very similar
irrespective of symptomatology. Hence, we conclude the
Ct values may have limitations in reliably predicting dis-
ease severity and should be used or reported with caution.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11033-022-07360-x.
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