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ABSTRACT

Objective: To study the correlation between the cycle threshold (CT) of reverse transcription-polymerase chain reaction (RT-PCR) test in
confirmed COVID-19 patients and the severity of disease.

Background: RT-PCR test is a standard method for the diagnosis of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infections.
This test is based upon the amplification of the fluorescent signal. The number of cycles that the fluorescent signal undergoes to reach the
threshold is called “cycle threshold It is inversely related to the nucleic acid content of the sample.

Patients and methods: This is a single-centered, retrospective observational study. We have included a total of 192 patients. SARS-CoV-2
infection was confirmed by the RT-PCR test. Entire data have been collected from the electronic medical records.

The primary outcome was 28-day mortality, whereas the secondary outcomes were intensive care unit (ICU) admission, invasive ventilation,
acute kidney injury, renal replacement therapy (RRT), shock, and COVID-19 reporting and data system (CO-RADS) score on high-resolution
computed tomography of the chest, total length of stay in the hospital, and the number of ICU days and ventilator days.

Results: We have calculated the mean CT value for all groups and calculated the p-value for statistical significance. For the total length of stay
in the hospital and the number of ICU days and ventilator days, we applied the Pearson correlation coefficient.

The p-value was statistically significant for mortality, ICU admission, and shock groups. The CT values and the length of ICU stay were inversely

correlated with the statistically significant p-value.

Conclusion: Low CT value is associated with increased ICU admission, high mortality, shock, and increased length of ICU stay.
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INTRODUCTION

During this COVID-19 pandemic worldwide, more than 20 million
people gotinfected and more than 7.5 lakh deaths have happened.
Sometimes as critical care physicians, we have seen an unexpected
and rapid deterioration of recovering patients because of the
cytokine storm. In this scenario, having a variable to predict
the severity of the disease is helpful to prognosticate the family
sometimes to make tailored decisions.

This novel coronavirus is an enveloped particle—containing
single-stranded RNA. Diameter is 60-140 nm, with distinctive
spikes ranging from 9-12 nm. The symptoms range from mild fever
and dry cough to severe acute respiratory distress syndrome and
multiorgan failure.

The angiotensin-converting enzyme 2 (ACE2) receptor and the
type 2 transmembrane serine protease will facilitate virus entry into
host cells.! Host target cells, especially type Il alveolar epithelial
cells, contain these two receptors.? The virus infects both epithelial
cells and endothelial cells. Inflammatory cascade will be activated
oninfected sites, resulting in thickening of alveolar membrane and
infiltration of alveolar spaces with monocytes and macrophages.’
This entire process results in ground-glass opacities on the high-
resolution computed tomography (HRCT) of the chest.

In severe infections, there will be activation of the coagulation
system and consumption of clotting factors results in diffuse
intravascular coagulation.*

RT-PCRtest is the standard method for the diagnosis of severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infections.’
This test is based upon the amplification of the fluorescent signal.®
The number of cycles that the fluorescent signals undergo to reach
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the threshold is called “cycle threshold(CT).”” It is inversely related
to the nucleic acid content of the sample.® Based on this concept,
we are considering CT values as a surrogate marker of viral load. If
CT is high, viral load is less and if CT is low, viral load is more.® As
per the Indian Council of Medical Research (ICMR) instructions on
the test, CT less than 35 is considered positive and more than 35 is
considered negative.

As per available evidence over previous SARS-CoV-2 infection,
the severity of the disease is inversely related to the viral load.’

StupY DESIGN AND METHODS

Thisis a single-centered, retrospective observational study done at
Virinchi Hospital, Hyderabad (Telangana, India). We have included
a total of 192 patients of age more than 18 years, who required
hospital admissions between June 4, 2020, and July 23, 2020.
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SARS-CoV-2 infection was confirmed by RT-PCR test done on the
nasopharyngeal swabs of all patients. CT of all positive patients
was available, but CT of negative patients was not available. Our
criteria for admitting patients were hypoxia, breathlessness, oxygen
requirement, and unstable hemodynamics. We were not admitting
patients who were not requiring oxygen.

All admitted patients have received hydroxychloroquine (HCQ),
azithromycin, steroids, and therapeutic anticoagulation. We were
monitoring QT intervals along with daily electrocardiograms. If
increasing, HCQ and azithromycin were discontinued. Patients
requiring oxygen more than 10 liters/minute, noninvasive
ventilation (NIV), high-flow nasal cannula (HFNC), mechanical
ventilation, and vasopressors were shifted to the intensive care unit
(ICV). For all patients, HRCT chest was done at the time of admission
and the COVID-19 reporting and data system (CO-RADS) score was
being reported by the radiologist. For patients in whom oxygen
requirement was increasing, remdesivir was started and tocilizumab
was given as per interleukin 6 (IL-6) levels.

Written informed consent was waived off by the ethics
committee as it is a noninterventional study, purely based upon
data from the electronic medical records.

The entire data have been collected from the electronic
medical records that are being used throughout the hospital.
Demographic data, history, course in the hospital, laboratory tests,
and radiology reports have been collected. Any gaps in history,
course, and interventions were clarified by discussing with the
treating physician personally.

The primary outcome was 28-day mortality whereas the
secondary outcomes were total length of stay in the hospital, the
number of ICU days and ventilator days, acute kidney injury (AKI),
renal replacement therapy, shock, and the CO-RADS score. AKl was
diagnosed based on serum creatinine.

We applied the Pearson correlation coefficient for continuous
variables, like total length of stay in the hospital, ICU days, and
ventilator days. These continuous variables are represented with a
scatter plot using Cartesian coordinates.

For other outcomes, we divided them into two groups,
calculated the mean value of CT for each group, and applied
standard deviation (SD). These mean values were compared with the
help of an unpaired t-test. We have calculated p-value for statistical
significance for each variable. Mean values of each group were
represented with the help of bar diagrams.

REsuLTs

A total of 192 laboratory-confirmed SARS-CoV-2 patients got
admitted to our center between June 4, 2020, and July 23, 2020.
Among them, 26 (13.54%) patients were dead and 166 (86.45%)
patients got discharged. The mean CT of nonsurvivors was 23.43
(SD, 4.87). The mean CT of survivors was 25.93 (SD, 4.46) (Fig. 1). The
p-value was 0.01, statistically significant. So, low CT was associated
with higher mortality.

Forty-nine (25.5%) patients required ICU admission and 143
(74.4%) patients were managed in general wards. The mean CT of
patients who required ICU admission was 24.1 (SD, 4.65) and the
mean CT of patients who did not require ICU admission was 26.1
(SD, 4.47) (Fig. 2). The p-value was 0.009, so statistically significant.
Patients with low CT values do not require ICU admission.

Twenty-six (13.54%) patients required invasive ventilation and
166 (86.45%) patients did not require invasive ventilation. The
mean CT of ventilated patients was 24.1 (SD, 3.71). The mean CT of
nonventilated patients was 25.8 (SD, 4.68) (Fig. 3). The p-value was
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Fig. 1: Bar diagram showing the mean cycle threshold of nonsurvivors
and survivors
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Fig. 2: Bar diagram showing the mean cycle threshold of patients who
required ICU admission and who did not require ICU admission
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Fig. 3: Bar diagram showing the mean cycle threshold of patients who
required invasive ventilation support and who did not require invasive
ventilation support
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0.077; itis not statistically significant. So, the CT cannot predict the
requirement of invasive ventilation.

Fifty-six (29.16%) patients developed AKI. In 136 (70.83%),
renal function was not affected. The mean CT of patients who
had AKI was 25.83 (SD, 4.77) and the mean CT of patients who
did not develop AKI was 25.49 (SD, 4.53 [Fig. 4]). The p-value was
0.638, statistically not significant. So, the CT value cannot predict
the incidence of AKI.

Twenty-four (12.5%) patients developed shock and 168 (87.5%)
patients did not develop shock. The mean CT of patients who had
a hemodynamic instability was 23.18 (SD, 4.93) and the mean CT
of patients who did not have a hemodynamic instability was 25.93
(SD, 4.45) (Fig. 5). The p-value was 0.006, statistically significant. So,
the CT can predict the incidence of a shock.

One hundred seventy-one (89%) patients had HRCT chest
CO-RADS score of 4 and 5 (labeled as confirmed cases) and 21
(10.9%) patients had CO-RADS score of less than 4 (labeled as

suspected cases). The mean CT of radiologically confirmed patients
was 25.7 (SD, 4.5) and the mean CT of suspected patients was 24.6
(SD, 5.2) (Fig. 6). The p-value was 0.319. So, the radiological score or
the findings do not depend on the CT value.

Pearson correlation coefficient was calculated to see the
relationship between CT value and length of stay in the hospital
and the number of ICU days and ventilator days.

The Pearson correlation coefficient for the length of stay in the
hospital was —0.105, negative correlation (Fig. 7). But the p-value
was 0.146, statistically not significant.

The Pearson correlation coefficient value for the length of ICU
stay was —0.213, negative correlation (nonlinear) (Fig. 8). The p-value
was 0.003, statistically significant. So, the number of ICU days is
inversely related to the CT value.

The Pearson correlation coefficient value for the number of
ventilator days was —0.007, negative correlation (Fig. 9). But the
p-value was 0.291, statistically not significant.
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Fig. 4: Bar diagram showing the mean cycle threshold of patients who
developed acute kidney injury during hospital course and who did not
develop acute kidney injury during hospital course
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Fig. 6: Bar diagram showing mean cycle threshold of patients whose
HRCT chest showed confirmatory COVID changes and who did not have
typical COVID changes on HRCT chest

- 2 .
25 R’ = Linear - 0.011
o
20+
o
o o o o
2 15- o
© ®o0 o o o oo
© o o oo
o ooo oo
8 10 o 0 o o o o o0
om o o
S e L LR
) 0 0 °
o 00000 0000 O® O
5 © 0 O 00 0000DWO WO O O
o 000 Q00 O W 000 OO O o
o O O 00O WOO 00OWOOO® O O
6o oo © 00 00O
04 y =90.08*X

T T T T I T T
10 15 20 25 30 35 40
Cycle threshold

Fig. 7: Pearson correlation curve between cycle threshold and length
of stay (LOS) in the hospital
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Fig. 8: Pearson correlation curve between cycle threshold and length
of stay in the intensive care unit
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Fig. 9: Pearson correlation curve between cycle threshold and number
of ventilator days

Discussion

In this single-centered, retrospective observational study, we have
included 192 hospitalized patients. SARS-CoV-2 infection was
confirmed with real-time RT-PCR test, which is a standard method
of molecular diagnostic test. For all patients, both nasopharyngeal
and oropharyngeal swabs were collected. The yield of the
nasopharyngeal swabs is better than the oropharyngeal swabs.®

All patients have received standard treatments, like HCQ,
azithromycin, steroids, and therapeutic anticoagulation. If oxygen
requirement was increasing, we started them on remdesivir. If IL-6
wasin anincreasing trend with clinical worsening, then tocilizumab
was given.

The mean age of the population was 51.6 years (SD, 13.3) and
139 (72%) patients have comorbid conditions like diabetes mellitus,
hypertension, coronary artery disease, and chronic kidney disease.

In this study, we have proved that low CT is associated with
increased mortality, increased ICU stay, and increased incidence of
shock. There is a definitive negative correlation between the length
of ICU stay and the CT value.
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Previous studies have proved that biomarkers like C-reactive
protein (CRP), lactate dehydrogenase (LDH), and IL-6 are the bad
prognostic markers.'>'" Another study has proved that lymphopenia
is also one of the bad prognostic markers.'? Lymphopenia is because
of ACE2 receptor on lymphocytes'>! which is a direct target for
the virus and destruction of lymphatic organs, inflammatory
markers can cause apoptosis of lymphocytes'?'®, and metabolic
derangements like hyperlactatemia can destroy lymphocytes.'*'

One retrospective study showed that persistent high viral
load is associated with more severe diseases.'” But in this study,
the severity grading was based upon the respiratory mechanics
and oxygenation.

CONCLUSION

We can consider CT as one of the prognostic variables along
with other biomarkers. Low CT is associated with increased ICU
admission, high mortality, shock, and increased length of ICU stay.
Further research on large group can confirm our results.

LimITATIONS

Single-center-based study.
Only admission CT has been documented.

ORciID

Rajyalakshmi B @ https://orcid.org/0000-0001-9120-417X
Srinivas Samavedam @ https://orcid.org/0000-0001-6737-8663
P Ramakrishna Reddy @ https://orcid.org/0000-0002-4219-0020
Narmada Aluru @ https://orcid.org/0000-0002-4848-3430

REFERENCES

1. Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell 2020;181(2):271-280. DOI: 10.1016/j.cell.2020.02.052.

2. Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-cell RNA-seq data
analysis on the receptor ACE2 expression reveals the potential risk
of different human organs vulnerable to 2019-nCoV infection. Front.
Med. 2020;14(2):185-192. DOI: 10.1007/511684-020-0754-0.

3. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC.
Pathophysiology, transmission, diagnosis, and treatment of
coronavirus disease 2019 (COVID-19). JAMA 2020;324(8):782-793.
DOI: 10.1001/jama.2020.12839.

4. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost 2020;18:844-847. DOI: 10.1111/
jth.14768.

5. Tang YW, Schmitz JE, Persing DH, Stratton CW. 2020. Laboratory
diagnosis of COVID-19: currentissues and challenges. J Clin Microbiol
2020;58:512-520. DOI: 10.1128/JCM.00512-20.

6. LeBlanc JJ, Gubbay JB, Li Y, Needle R, Arneson SR, Marcino D, et al.
Real-time PCR-based SARS-CoV-2 detection in Canadian laboratories.
J Clin Virol 2020;128:104433. DOI: 10.1016/j.jcv.2020.104433.

7. Tom MR, Mina MJ. To interpret the SARS-CoV-2 test, consider the
cycle threshold value. Clin Infect Dis 2020. DOI: 10.1093/cid/ciaa619.

8. Chang MC, Hur J, Park D. Interpreting the COVID-19 test results: a
guide for physiatrists. Am J Phys Med Rehabil 2020. DOI: 10.1097/
PHM.0000000000001471.

9. Ng EKO, Hui DS, Allen Chan KC, Hung ECW, Chiu RWK, Lee N,
et al. Quantitative analysis and prognostic implication of SARS
coronavirus RNA in the plasma and serum of patients with severe
acute respiratory syndrome. Clin Chem 2003;49(12):1976-1980. DOI:
10.1373/clinchem.2003.024125.

325


https://orcid.org/0000-0001-9120-417X
https://orcid.org/0000-0001-6737-8663
https://orcid.org/0000-0002-4219-0020
https://orcid.org/0000-0002-4848-3430

Cycle Threshold

10.

1.

326

Kermali M, Khalsa RK, Pillai K, Ismail Z, Harky A. The role of biomarkers
in the diagnosis of COVID-19—a systematic review. Life Sci
2020;254:117788. DOI: 10.1016/j.1fs.2020.117788.

Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al. Prognostic value of
interleukin-6, C reactive protein, and procalcitonin in patients with
COVID-19. J Clin Virol 2020;127. DOI: 10.1016/j.jcv.2020.104370.

. TanL,WangQ, Zhang D, Ding J,Huang Q, Tang YQ, et al. Lymphopenia

predicts disease severity of COVID-19: a descriptive and predictive
study, Signal Transduct Target Ther 2020;5:33. DOI: 10.1038/541392-
020-0148-4.

13.

14.

Indian Journal of Critical Care Medicine, Volume 25 Issue 3 (March 2021)

Liao YC, Liang WG, Chen FW, Hsu JH, Yang JJ, Chang MS. IL-19 induces
production of IL-6 and TNF-and results in cell apoptosis through TNF.
JImmunol 2002;169:4288-4297. DOI: 10.4049/jimmunol.169.8.4288.
Fischer K, Hoffmann P, Voelkl S, Meidenbauer N, Ammer J, Edinger
M, et al. Inhibitory effect of tumor cell derived lactic acid on human
T cells. Blood 2007;109:9. DOI: 10.1182/blood-2006-07-035972.
Zheng S, Fan J, Yu F, Feng B, Lou B, Zou Q, et al. Viral load dynamics
and disease severity in patients infected with SARS-CoV-2 in Zhejiang
province, China, January-March 2020: a retrospective cohort study.
BMJ 2020;369. DOI: 10.1136 bmj.m1443.




	Prognostic Value of “Cycle Threshold” in Confirmed COVID-19 Patients
	Abstract
	Introduction
	Study Design and Methods
	Results
	Discussion
	Conclusion
	Limitations
	Orcid
	References


