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Abstract

Cycle threshold (Ct), or the number of cycles required to amplify viral RNA to a

detectable level, provides an estimate of viral load. Previous studies have

demonstrated mixed results in regard to the association between SARS‐CoV‐2 Ct

from real‐time reverse transcriptase PCR (rRT‐PCR) testing to patient outcomes, and

there is less data on the relationship between Ct and patient characteristics. This was

a retrospective study of 256 patients tested at a tertiary care emergency department

from March to July 2020 via nasopharyngeal rRT‐PCR testing utilizing the Abbott

M2000 SARS‐CoV‐2 assay. Kruskal–Wallis, univariable, and multivariable logistic

regression were used where appropriate for analysis. There were no significant

differences in Ct value by demographic characteristics including age, sex, race, or

ethnicity. Ct increased with time since symptom onset (p < 0.001), and increasing Ct

was associated with increased odds of severe disease (odds ratio: 1.05, 95%

confidence interval: 1.0–1.11). Ct was not found to be associated with patient

demographic characteristics and increasing Ct was found to be associated with

increased odds of severe disease. Continued study will allow us to better

comprehend the complex factors that contribute to the risk for severe outcomes

due to SARS‐CoV‐2 infection.

1 | INTRODUCTION

Since its discovery in 2019, severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2), the causative agent of COVID‐19, has

been responsible for more than 180 million cases and almost 4 million

deaths worldwide.1 Despite substantial advances in our knowledge of

this disease, research continues to fully understand SARS‐CoV‐2, a

clade within the family Coronaviridae, genus Betacoronavirus, sub-

genus Sarbecovirus, species Severe acute respiratory syndrome‐related

virus,2 particularly in understanding factors related to patient

prognosis after infection. Early studies have found that certain

individuals are at greater risk for poor outcomes after developing

COVID‐19, including older individuals, those who are obese, and

patients with multiple comorbid conditions.3–5

The primary method of diagnosis of SARS‐CoV‐2 is currently by

real‐time reverse transcriptase PCR (rRT‐PCR). These rRT‐PCR tests

amplify and detect viral genetic sequences, and a fluorescence signal

increases proportionally to the amount of amplified nucleic acid,

enabling the quantification of RNA in the sample.6 This signal is

expressed as the cycle threshold (Ct), or the number of cycles

required to amplify viral RNA to a detectable level, which provides a

quantifiable estimate of viral load.6 The Ct value is inversely related

to viral load6 and has been used as a proxy for viral in a number of

studies7–10 given the more resource intensive effort required of

direct viral load measurement.

Previous studies have found mixed results with regard to the

association between Ct and patient outcomes, including risk for

intubation, admission to an intensive care unit, and in‐hospital
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survival.7,8,11 The purpose of this observational study was to evaluate

the relationship between Ct and patient sociodemographic and

clinical characteristics, as well as the relationship between Ct and

disease severity, to better understand the role of Ct in estimating

patients' risk for adverse outcomes.

2 | METHODS

2.1 | Patient population

We analyzed data from all symptomatic patients age 18 and older who

presented to the Emergency Department at Tufts Medical Center, a

tertiary care facility in Boston, Massachusetts, between March 20 and

July 13, 2020. The study included all patients who tested positive for

SARS‐CoV‐2 on a nasopharyngeal (NP) swab. Ct values, as well as patient

demographic and clinical characteristics, were collected to study patients

through the review of patient's medical records.

2.2 | SARS‐CoV‐2 PCR testing

Testing was performed using the Abbott M2000 SARS‐CoV‐2 assay. This

assay is an rRT‐PCR dual‐target assay for the RNA polymerase (RdRp) and

N genes of the SARS‐CoV‐2 virus12 and has a positive cutoff value of

31.5. This assay has been demonstrated to have high sensitivity (93%)

and specificity (100%) for SARS‐CoV‐213 and allows for the determina-

tion of Ct values. This assay utilizes negative and positive controls to

evaluate the validity of testing,12 and all providers performing the testing

were trained in appropriate NP swab collection.

2.3 | Study definitions

Demographic characteristics including age, sex, race, and ethnicity were

extracted from the electronic medical record (EMR), as were clinical

characteristics including time since symptom onset, disease severity, and

the presence of medical comorbidities. Disease severity was classified

according to the National Institutes of Health (NIH) clinical spectrum

categories14 and categorized as asymptomatic, mild, moderate, severe, or

critical as assessed by an independent reviewer. Disease severity was

categorized for two time points: time of testing and point of greatest

clinical severity. Time since system onset was extrapolated from the EMR

based on documentation of patient report. Medical comorbidities were

stratified into three groups: (1) no comorbidities (2) 0–2 comorbidities or

(3) >2 comorbidities.

2.4 | Statistical analysis

Differences in Ct values by sex, age, race, and ethnicity were

compared by Kruskal–Wallis testing. Univariable and multivariable

logistic regression analyses were used to evaluate the relationship

between time since symptom onset and Ct, and to analyze Ct as a

predictor for severe disease at the time of testing or at the point of

greatest severity in the patient's disease course. Multivariable

adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were

calculated in a standard manner. Model fit was assessed using the C

statistic. For all analyses, p values of <0.05 were considered

statistically significant. All statistical analysis was performed using

SAS 9.4 statistical software.

3 | RESULTS

A total of 256 patients satisfied our study criteria. The mean age of

the study population was 55.5 years, 45% were women, 40% were

White, 22% were Black, 16% were Asian and 17% were Hispanic.

Medical comorbidities were present in 69.5% of the population, with

23% having more than two medical comorbidities. In terms of disease

severity, 8.6% were asymptomatic, 21.9% experienced mild disease,

33.6% had moderate disease, 12.9% had severe disease, and 23%

experienced critical disease. Median time since symptom onset was

6 days.

3.1 | Ct values and patient demographic
characteristics

There were no significant differences in Ct values according to

patient's age, sex, race, or ethnicity (Table 1). There was a trend

toward higher Ct values in patients identifying as Hispanic and lower

Ct values in older (>65 years) patients.

TABLE 1 Relationship between cycle threshold and
demographic characteristics.a

Variable Category N Median
Lower–upper
quartile p

Sex Female 115 16.9 10.5–21 0.4

Male 141 16.7 12.6–21.5

Age group 18–49 years 85 16.8 12.1–21.0 0.6

50–64 years 84 17.6 12.1–21.4

65+ 85 15.3 10.8–20.6

Race Asian 40 15.3 12.6–19.1 0.3

Black 57 17.3 11.6–22

Other 57 18.8 14.1–20.9

White 102 16.3 10–21.0

Ethnicity Hispanic or

Latino

43 18.8 15.1–20.8 0.1

Not Hispanic or
Latino

213 16.3 10.8–21.1

aCompared vis Kruskal–Wallis test.
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3.2 | Ct values and relationship to disease severity,
presence of symptoms, and time since symptom onset

Table 2 shows full results from univariable and multivariable modeling.

After controlling for sex, age, race, ethnicity, and medical comorbidities,

Ct values increased with longer time since symptom onset (p<0.001).

Using Ct as a predictor of disease severity at the time of testing, the odds

of severe disease increased with higher Ct (OR: 1.05, 95% CI: 1.0–1.11)

even after controlling for time since symptom onset and patient

demographic characteristics (C statistic = 0.759). This association was

also seen when looking at disease at the worst point in patient illness,

although the findings were not significant (OR: 1.03, 95% CI: 0.98–1.08,

C statistic = 0.787). Restricting the study population to the patients

admitted after testing, a similar association was seen between Ct and

disease severity in the multivariable model (OR: 1.06, 95% CI: 0.99–1.02),

although this association was not statistically significant.

4 | DISCUSSION

The results of the present study suggest that Ct is not associated with

patient demographic characteristics including age, sex, race, and

ethnicity. Ct values increased with increasing time from symptom

onset, and increased odds of severe disease were seen with

increasing Ct values.

A previous observational study conducted during the first phase

of the pandemic in Greece8 demonstrated that those who were older

had lower Ct values at the time of diagnosis than younger individuals.

On the other hand, a prospective study investigating transmission

among household members with a SARS‐CoV‐2 exposure failed to

find an association between Ct and age, race, or ethnicity, consistent

with our findings.9 However, the relationship of Ct values with race

and ethnicity is an area that warrants continued study given observed

disparities in disease outcomes due to SARS‐CoV‐2 infection.15,16

In the present study, greater disease severity was associated with

higher values of Ct, which suggests lower viral loads in sicker

patients. While prior studies have shown that lower Ct results were

associated with an increased odds of severe COVID‐19,7,8,17 our

study failed to confirm these findings. This may be reflective of the

small sample size included in our study, although previous studies had

similar population sizes. A previous observational study conducted in

New York City during the initial phase of the pandemic11

demonstrated similar findings to ours and hypothesized that this

may reflect the association between time from onset of infection and

increased disease severity. This is because viral load peaks during the

presymptomatic stage of the disease course and declines to become

undetectable by Days 18–21.18 Consistent with this, patients for

whom hospitalization was required were found to have presented

later in the disease course in the New York study.11 Another study

conducted at a large academic center also found no association

between Ct values and disease severity or mortality, which was

consistent with our findings.10 In our study while we did find, like

others, increasing Ct values as time since symptom onset

increased,7,8 the relationship between Ct and disease severity

persisted even after controlling for time since symptom onset and

patients' demographic characteristics. Our findings may be reflective

of error in accurately ascertaining the timing of symptom onset due

to the retrospective nature of the study.

Our study provides insights into the patient characteristics and

outcomes associated with SARS‐CoV‐2 infection during a time of

rapidly changing viral transmission. Our study has several limitations,

however, that need to be kept in mind when interpreting the results.

It was conducted over a relatively short period of time at a single

institution and included a relatively small number of patients.

However, our patient population is unique in that the study

institution serves a larger Asian American population than those in

other studies, providing new information on this race/ethnicity.

Another limitation is that to maintain consistency in testing results,

we only analyzed Ct values from one diagnostic testing platform;

therefore, findings may not be applicable to all SARS‐CoV‐2 assays.

However, this testing platform has been well‐validated19; thus, we

suspect that our findings may also be applicable to other diagnostic

assays.

In conclusion, we found that SARS‐CoV‐2 viral loads as

determined by Ct values generated with rRT‐PCR viral assays

increase with time since symptom onset, but are not significantly

different among men and women of different ages, races, or

ethnicities. Unexpectedly, patients with higher Ct values

TABLE 2 Univariable and multivariable model of Ct and symptoms

Ct association with clinical characteristics Effect variable Univariable model p Multivariable modela p

Time from symptom onsetb Betac 0.32 (0.08) <0.001 0.34 (0.08) <0.01

Severe disease at testingd Odds ratioe 1.05 (1.01–1.1) 0.03 1.05 (1.0–1.11) 0.05

Severe disease at worst point Odds ratioe 1.02 (0.98–1.06) 0.3 1.03 (0.98–1.08) 0.3

Severe disease at testing (hospitalized) Odds ratioe 1.06 (1.01–1.12) <0.05 1.06 (0.99–1.12) 0.08

aMultivariable model controlled for sex, age, race, ethnicity, time since symptom onset, and medical comorbidities.
bLinear regression with outcome of cycle threshold; time since symptom onset as predictor variable.
cBeta coefficient and standard error.
dLogistic regression with outcome of severe disease and cycle threshold as a predictor variable.
eOdds ratio and 95% confidence interval.
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demonstrated an increased risk of severe disease, even when

controlling for time from symptom onset. Continued study will allow

us to better comprehend the complex factors that contribute to the

risk for severe outcomes due to SARS‐CoV‐2 infection.
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SUMMARY

Cycle threshold (Ct) values increased with time since symptom onset

and did not differ by age, gender, race, or ethnicity despite

differences in risk for severe disease. Increasing Ct values were

associated with increased odds of severe disease.
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