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Role of Cycle Threshold of RT-PCR in the Prediction of COVID-19 Cases
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ABSTRACT

Objectives: It is currently unclear whether SARS-CoV-2 Cycle threshold (Ct) values could be leveraged
to guide patients’ clinical manifestations and management decisions. The present study was
undertaken to observe whether RT-PCR Ct values differ in COVID-19 symptomatic and asymptomatic
individuals. This study also describes the clinical manifestations and epidemiological characteristics of
both groups of patients.

Methods: Nasopharyngeal or oropharyngeal swabs of 35,391 clinically suspected COVID-19 patients
were collected in VTM and tested in our dedicated COVID-19 diagnostic laboratory for SARS-CoV-2
RT-PCR test. Cycle threshold at day 1 of positive detection was correlated with the presence or
absence of the patient’'s symptoms. The Ct values were studied sequentially in the collected samples
to understand the variation of Ct values with the patient’s first day of diagnosis up to the recovery
day.

Results: Of 35,391 samples received for RT-PCR, data from 589 COVID-19 diagnosed patients
(positivity 1.66%) was analyzed further. Among 589 patients, a total of 178 patients were symptomatic,
while 411 were asymptomatic. Ct values obtained in symptomatic individuals (19.26+4.34) were
significantly lower than in the asymptomatic (25.96+4.64) individuals (p<0.01). For 38 SARS-CoV-2
positive patients, data from sequential samples submitted to the laboratory was also analyzed. After
adjusting for age, gender, co-morbidities, increased cycle threshold was associated with decreased
odds of symptoms and in-hospital admission (0.91, Cl 0.89- 0.94, p<0.001).

Conclusion: Clinical symptoms and laboratory results of RT-PCR (Ct Value) of symptomatic patients
with COVID-19 are significantly lower than those without symptoms. Analyzing data from 38 SARS-
CoV-2 positive patients’ sequential samples again demonstrated that symptoms correlate with lower
Ct values; however, virus clearance took almost the same time in the two groups of individuals. J
Microbiol Infect Dis 2021, 11(3):132-139.
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INTRODUCTION symptoms, with a much higher proportion of
asymptomatic infections than previously
expected. Therefore, persons with positive
reverse transcription-polymerase chain
reaction (RT-PCR) results who never develop
any signs or clinical symptoms of COVID-19
are considered asymptomatic infected
persons. On the other hand, those with
positive RT-PCR results who fail to show any
signs or symptoms of COVID-19 at testing but
later on develop symptoms are considered
pre-symptomatic [2]. However, to date, the

The global outbreak of coronavirus disease
2019 (COVID-19) was officially declared as a
pandemic by World Health Organization
(WHO) on March 11, 2020, and it has imposed
unprecedented, far-reaching impacts upon
public health and the global economy [1].
Meanwhile, many studies and international
bodies like the CDC and the World Health
Organization reporting that many COVID-19
infections might present no or only mild

Correspondence: Prof. Jyotsna Agarwal, Department of Microbiology, Dr Ram Manohar Lohia Institute of Medical Sciences,
Vibhuti Khand, Gomti Nagar, Lucknow, India
E-mail: jyotsnaagarwal.micro@gmail.com
Received: 03 March 2021 Accepted: 05 August 2021
Copyright © JMID / Journal of Microbiology and Infectious Diseases 2021, All rights reserved



133 Singh V, et al., Role of Cycle Threshold in the COVID-19 Prediction

exact reasons for being asymptomatic / only
mild symptoms in many COVID- 19 patients
remain unclear. Still, the role played by these
asymptomatic shedders in the transmission of
infection is vital.

Symptomatic patients are detected because
they seek medical attention. Asymptomatic
individuals with SARS-CoV-2 infection could
be identified during screening tests or contact
tracing via the RT-PCR test for severe acute
respiratory syndrome corona virus-2 (SARS-
CoV-2) [3]. The absolute sensitivity of RT-PCR
tests is difficult to ascertain due to the lack of a
proper “gold standard.” It is dependent on
several factors, including specimen type,
collection method, and specific test or kit used.
Viral loads are inversely related to Cycle
threshold (Ct) values and can prove to be an
indirect method for quantifying viral RNA in
samples. The viral load of SARS-CoV-2 may
be an essential factor in determining both
disease severity and the likelihood of
transmission [4]. SARS-CoV-2 RT-PCR
diagnostic results in a clinical setting are
usually qualitative, like a binary positive or
negative result using a specified threshold
based on Ct value. It is currently unclear
whether SARS-CoV-2 Ct values can guide
patients’ clinical manifestations and
management decisions [5].

The present study was undertaken considering
the lack of data on the correlation between RT-
PCR Ct value and the clinical status of
patients. Results will shed light on the
relationship, if any, between virus load in the
nasopharynx and clinical manifestation of
COVID-19 disease. It will also help to explore
the transmission dynamics of asymptomatic
infections and early detection of asymptomatic
virus shedders. The epidemiological and
clinical features of symptomatic COVID-19
patients are increasingly being reported. This
study aims to investigate the course of
asymptomatic individuals infected with SARS-
CoV-2, which is not known enough.

METHODS

A prospective observational laboratory-based
study was conducted in the Department of
Microbiology in a tertiary care hospital in North
India with a dedicated COVID-19 diagnostic
laboratory an Indian Council of Medical
Research (ICMR) approved BSL-ll Ilab.
Samples in our COVID-19 laboratory are
received from 5-7 neighboring districts as per
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the State administrative policies. The sampling
population included symptomatic individuals,
contact tracing samples, migrants, and random
sampling from asymptomatic individuals. In
addition, the following information was
extracted from the ICMR case sheets for
analysis: 1. Demographic parameters like age
and gender; 2. Clinical characteristics such as
date of onset.

Throat and/or nasal swabs were submitted to
our laboratory in virus transport media (VTM),
maintaining the cold chain for the SARS-CoV-
2 viral nucleic acid detection. For a limited
number of patients (n=38), four samples from
each (at an interval of ~6-7days) were
received. In brief, about 140 ul sample from
VTM was pipetted out and transferred to a
tube. 560yl of lysis buffer was then added to
the sample to achieve virus inactivation. RNA
extraction was carried out using QIAmp RNA
Mini  Kit (QIAGEN, Sample and Assay
Technology, Hilden, Germany) for all samples.
Briefly, 20 ul reaction was prepared for the
qualitative detection of SARS-CoV-2 by
quantitative RT-PCR utilizing 5 ul of extracted
RNA, 10 pl of 2x PCR buffer, 1 ul of the one-
step enzyme, and 4 pul primer and probe
mixture in two separate tubes for E genes and
RdRP gene. Thermal cycler was set at 55 °C
for 30 min (1 cycle) for reverse transcription
method followed by 95 °C for 15 min (1 cycle)
and then 45 cycles of 95°C for 15 s, and 60 °C
for 60 s (45 cycles) using Bio-Rad CFX-96 RT-
PCR machine. Real-time PCR was performed
for detection of E gene for screening and
RdRp gene or ORF1ab gene for confirmation
as per the protocol by the manufacturer of the
kits available in our laboratory at that time
(namely A star Fortitude, Seegene, Labgun,
SD biosensor). The Ct value for each well was
calculated using the cycler's software for
confirmatory genes. The data generated in this
prospective study was subjected for analysis
with the help of appropriate statistical tools and
for interpretation of significant outcomes using
SPSS 18.0 software.

RESULTS

A total of 35,391 diagnostic tests for SARS-
CoV-2 were performed in our laboratory during
the study period from April to June 2020. Of
these, 589 (1.66%) were reported positive.
Amongst those who tested positive, a total of
178 were symptomatic at the time of sample
collection, while 411 were asymptomatic.
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Amongst the positives, 401 (68%) were males,
and 189 (32%) were female, and the median
age was 46 years.

Further analysis of COVID-19 positive
symptomatic patients in this study finds that
the common symptoms at the onset of illness
were fever [125/178 (67 %)], dry cough
[69/178 (38.7 %)], and myalgia [45/178 (25
%)]; less common were vomiting 12 (6.7%),
headache 2 (1.1%) and hemoptysis 2 (1.1%).
Among 178 symptomatic patients, the majority,
156 (88%), had one or more high-risk factors
for COVID-19 like (a) age >65 years (45%), (b)
chronic underlying diseases (e. g., chronic
renal failure, diabetes mellitus, chronic liver
disease, chronic lung disease, chronic
cardiovascular disease; 53%) (c)
hematological malignancy (23%) and (d)
receiving chemotherapy or
immunosuppressive agents (24%). Among 411
asymptomatic COVID-19  patients, 256
patients (62.3%) gave a history of contact with
laboratory-confirmed positive cases. This was
found to be of statistical significance as only
42% of symptomatic patients had contact with
positive cases.

Comparison of Ct Values (RARp/ORF1ab) in
Asymptomatic and Symptomatic Cases

In general, as RdARp/ORF1ab Ct values rose,
chances of a COVID-19 patient being
asymptomatic also rose. Ct values at first
diagnosis was positively correlated with patient
clinical condition (r = 0.22, p<0.003). To better
illustrate the magnitude of the effect, Ct was
divided into quartiles (Q1, Q2, Q3, and Q4).
The Q1 group consisted of cycle numbers <
15, Q2 was cycle numbers between 15.0 to
25.0, Q3 from 25.1 to 30.5, and Q4 >30.6. It
was noted that the presence of symptoms was
significantly different between the four groups,
symptoms predominantly observed in Q1 and
Q2. In Table 2, we can observe that 21.8% of
symptomatic patients had Ct values <18.
However, when compared to asymptomatic
COVID-19 positive patients, the percentage
was below 0.5%, which was statistically
significant. Considering the predictive power of
CT value in correlation with clinical symptoms,
we found that 91% of symptomatic positive
patients had CT value <25, whereas the
majority of asymptomatic individuals who
tested RT-PCR positive had CT value >25.
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In this study, we have data of 38 patients in
which sequential sampling was done at an
interval of 6-7 days for up to 21 days. In Table
3, these 38 patients were divided into two
categories, category one: 22 who had
symptoms on the first day of testing; category
two: 16 patients who were asymptomatic on
day 1 of positive testing. From all these 38
patients, four sequential samples each were
collected from day 1 to day 21 till they tested
RT-PCR negative. Table 3 demonstrates the
changes in Ct values of symptomatic and
asymptomatic patients during the 21 day
follow-up period. It was observed that
symptomatic patients (n=22) with
hospitalization and same-day collection of the
sample had lower Ct values in comparison to
asymptomatic patients (n=16). The initial low
cycle threshold value was directly proportional
to the appearance of symptoms, and the high
cycle threshold correlated with the absence of
symptoms. On repeat sampling after 6-7days,
among 22 initial symptomatic patients, only 12
had symptoms (Ct value 25.34+2.12), and in 4
patients, symptoms disappeared, but RT-CR
(Ct value 27.86+1.68) remained positive. Here
again, with the disappearance of symptoms, Ct
value was observed rising. In comparison,
from asymptomatic cases, when repeat
samples were collected after week interval
when symptoms started appearing, in 4 cases,
there was a decline in Ct value. On day 21,
when the 4th sample was collected, all initially
38 RT-PCR positive symptomatic and
asymptomatic individuals showed negative
results. Lower Ct values were observed in
specimens from patients who became
symptomatic than in those who did not (24 vs.
29; p = 0.008).

DISCUSSION

The COVID-19 can present as symptomatic or
symptomatic infections. The linear dynamic
range of the RT-PCR assay and potential
presence of inhibitory factors within clinical
samples Ct value and log viral load may not be
directly proportional. Yet, many authors
believe that a higher Ct value indirectly
corresponds to a low viral load [5,6]. The
median age of symptomatic subjects was
higher (56.3+14) than that of the asymptomatic
subject (35+10); the difference, however, was
not statistically significant. This finding was
concordant with studies done by Walsh et al.
(Ireland) and Tianmin Xu et al. (China) [5,6]. In
viral illnesses such as Influenza and SARS,
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viral load has been associated with disease
severity [10]. However, a consensus has not
yet been achieved regarding COVID-19. To
the best of our knowledge, six studies have
reported no correlation between Ct value and

the majority being hospitalized patients with
relatively short follow-up periods. Like our
present study, many studies found a positive
association between nasopharyngeal SARS-
CoV-2 Ct values and COVID-19 severity [16-

clinical severity [11-15]. However, in four 18].
studies, samples were more than 100 cases,

Table 1. Demography and clinical characteristics of SARS-CoV-2 positive patients.

Symptomatic, n  Asymptomatic,

Characteristics (%) n (%) P Value
Age, median (IQR) (years) 56 (45 -70) 34 (20-45)

Male sex 146 (82) 255 (62) P < 0.001
Fever (>37.5 °C) 125 (67) -

Cough 69 (38.7) -

Nasal congestion 65 (36.5) -

Myalgia 45 (25.3) -

Rhinorrhoea 43 (24.2) -

Sore throat 39 (21.9) -

Dyspnoea 27 (15.2) -

Vomiting 12 (6.74) -

Haemoptysis 2(1.12) -

Presence of co-morbidities 132 (74) 58 (14.1) P < 0.001
Domestic travel history 45 (25.3) 238 (58) P < 0.001
History of Contact with known positive case 76 (42.7) 256 (62.3) P < 0.001
Time from initial symptoms to diagnosis, median (IQR) (days) 14 (8-17)

Table 2. Comparison of Ct values in symptomatic(n=178) and asymptomatic individuals(n=411)

Average Ct Value (RdRp/ORF1ab) Symptomatic n (%) Asymptomatic n (%) P value
<15 05 (2.8) 00 <0.02

17 34 (19) 02 (0.5) <0.001
20 56 (31.5) 23 (5.6) <0.001
23 67 (37.6) 42 (10.2) <0.01

26 16 (9.1) 147 (35.8) <0.001
28 00 101 (24.6) <0.0008
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Table 3. Variation observed in Ct values upon sequential sampling and symptomatology (n=38).

Symptomatic at the admission (n=22)

Asymptomatic at the admission (n=16)

Follow up (n=22)

Follow up (16)

Sample RT-PCR RT-PCR
No. Ct Value Symptoms CtValue  Symptoms Symptoms P
(Test (Mean + disappear (Mean + persist disappear value
Days) sb) PCR  PCR sb) (PCR PCR  PCR
Positive  Negative Positive)  positive Negative

Sample
1 (Day 23+3.8 0 28+4.6 16 0 0.04
1)
Sample
2 (Day %53125 4 6 27+28 10 2 0.01
6-7)
Sample
3 (Day 2(31225';3 17 32+ 14 8 8 0.02
10-14)

All were
Sample Al negative
4 (Day neqative 0 22 on RT- 0 16
21) 9 PCR

testing

17
Adymptomatic
412,

B AT PCR Negative BRTPCR Positive

TO% B Sy iRpLomatic

Image 1. COVID-19 RT-PCR Result for study subjects.

J Microbiol Infect Dis

www.jmidonline.org

Vol 11, No 3, September 2021




137 Singh V, et al., Role of Cycle Threshold in the COVID-19 Prediction

100%

B0

a0%

2000

Percentage of Patients

05 610 1115  16-20

Symptom Vs Cycle Threshold

21-25  26-30  31-35
Cycle Threshold

—— SyMptomatic

— Acymptomatic

Image 2. Correlation between presence of symptoms and Cycle threshold (Ct value).

Compared to findings reported by these
studies, our study has a follow-up of four
weeks and included non-hospitalized patients’
sequential samples. The above studies also
found an association between low Ct value,
higher viral loads, and grave symptoms. Many
authors agree that the Ct value can indicate
viral load [19-21]. The presence of signs and
symptoms at diagnosis were associated with
low Ct values. Our findings are in line with
those recently published by others [21]. In a
study with nasopharyngeal samples in 76
patients, the mean viral load of severe cases
was found around 60 times higher than that of
mild cases. This relationship was maintained
from the early to later stages of the infection
[11]. In the present study, 16% of
asymptomatic individuals had a Ct value of
<25, indicating a high viral load in the
nasopharynx. In our research, many cases in
the asymptomatic phase got diagnosed
because of a positive RT PCR. The exact
reason some individuals do not manifest
clinical symptomatology of COVID-19, despite
a high viral load in the throat, remains unclear
[22]. Such asymptomatic cases of COVID-19
are an essential source of viral shedding and
thus possible transmission, and this needs to
be controlled by surveillance of asymptomatic
individuals. While there is evidence in SARS-
CoV-2 infection for viral shedding both in
asymptomatic patients and in patients after
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symptom resolution, the correlation between
detectable viral RNA (and thus Ct value) and
transmissibility is still unclear [23]. A positive
RT-PCR report does not necessarily represent
evidence of viral transmission as this testing
method cannot differentiate between infective
and inactive viruses. Wolfel et al.
demonstrated that live virus could be cultured
from nasal/throat and sputum samples in
symptomatic patients with positive SARS-CoV-
2 PCR; however, no live virus was isolated
from symptom-free patients with high cycle
threshold [24]. A cohort study showed that
among 303 patients with SARS-CoV-2
infection in Cheonan, Korea, the Ct values in
asymptomatic patients were similar to those in
symptomatic patients [25]. The reason for this
inconsistency between these findings and
our's could be a difference in sample size,
geographic location, immunity, and genetic
variability of the study population. In our study
population, patients have been included from
different regions of State and not from a single
facility, treatment center, or hospital. Given the
strong association between Ct values and
symptoms presence, Ct value on initial SARS-
CoV-2 testing may significantly predict
outcomes, especially for patients admitted to
the hospital. Although Ct value is a surrogate
predictor of clinical outcomes, our data does
not find a clinically meaningful cut-off that

Vol 11, No 3, September 2021



138 Singh V, et al., Role of Cycle Threshold in the COVID-19 Prediction

could be used for triaging of patients admitted
to the hospital.

Rui Zhou et al. also reported median Ct value
of asymptomatic patients (39.0, interquartile
range (IQR) 37.5-39.5) was significantly
higher than that of symptomatic (24.5, IQR
22.2-27.0), indicating a lower viral load in
asymptomatic. However, in their study, the
viral shedding duration remained almost
similar in the two groups (7 days, IQR 5-14
days vs. eighth days, IQR 5-16 days)[23].
These results bring another important finding
into foray that the initial cycle threshold value
does not give any information regarding virus
clearance or, in other words, the end of
possible virus transmission. Thus, duration of
symptoms and Ct value on the initial SARS-
CoV-2 test are independent predictors of
clinical outcomes and potentially useful patient
trajectory indicators.

This study has also some limitations. The
study is a laboratory-based semiquantitative
method done during the lockdown phase, and
sequential sampling data is only available for
38 patients. It was not possible to record the
long-term follow-up and recovery of all
patients. Some of these samples came to our
laboratory from far-off areas of the province, Ct
value may vary depending on the sample
collection method and its storage and transport
conditions. Besides, different RT-PCR kits for
the same viral load may give different Ct
values.

In conclusion, there are different thoughts
regarding the correlation between cycle
threshold and the presence or absence of
symptoms. In our study, we do find a clear
correlation between lower Ct values and the
presence of clinical signs. Also, as reported
previously, older age and co-morbidities were
significantly more associated with symptomatic
COVID-19 patients. Upon sequential testing,
the virus clearing from the throat (as indicated
by negative RT-PCR) was similar regardless of
initial symptomatology/Ct value.
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