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Background: The association between the cycle threshold (Ct) which reflects the SARS-CoV-2 viral load and the severity of COVID- 
19 is still not clear. We investigated the association between Ct values, symptoms and the risk of ICU admission and mortality from 
COVID-19 in Qatar.
Methods: This case–control study used data of hospitalized individuals with confirmed COVID-19 during the period March to 
September 2020. Cases were defined as individuals with confirmed COVID-19 who were admitted to the intensive care unit (ICU) or 
died and controls as those who were not admitted to the ICU. The association between Ct value, symptoms, ICU admission and 
mortality was investigated using Ct value as a categorical variable (below and above 25) in multivariable regression models and 
adjusted for relevant confounders.
Results: A total of 622 participants with median age 53 (IQR: 53–63), of which 69% were males, were included. There were 236 ICU 
admissions and 111 deaths. When categorized, Ct value (<25 vs ≥25) had no association with the odds of ICU admission (OR 0.85, 
95% CI 0.56 to 1.29) or odds of mortality (OR 1.21, 95% CI 0.71 to 2.08). Respiratory (OR 2.95, 95% CI 1.57 to 5.56) and 
gastrointestinal symptoms (OR 1.99, 95% CI 1.18 to 3.35) were associated with higher odds of ICU admission. Similarly, respiratory 
(OR 4.96, 95% CI 1.10 to 22.43) and gastrointestinal symptoms (OR 3.17, 95% CI 1.29 to 7.84) were associated with higher odds of 
mortality.
Conclusion: Although RT-PCR Ct has good diagnostic value, its prognostic value appears to be unreliable. Respiratory and 
gastrointestinal symptoms are associated with COVID-19 criticality and mortality in this setting.
Keywords: COVID-19, Ct-value, RT-PCR, symptoms, Qatar Biobank, QBB

Introduction
Despite the widespread implementation of vaccines and increasing population immunity from previous infection,1 there 
are groups who are still vulnerable to severe COVID-19. These groups include the unvaccinated, the elderly, the 
immunosuppressed and individuals with pre-existing chronic diseases.2,3 It remains imperative to identify individuals 
at risk of severe outcomes, and this may be done by using appropriate prognostic clinical tools.4

One of the prognostic tools that has been suggested is the viral load at the diagnosis of COVID-19, which can be 
inferred from the cycle threshold (Ct value) results of the reverse transcriptase-polymerase chain reaction (RT PCR).5 

The RT-PCR is a standard tool to detect SARS-CoV-2 RNA6 and cycle threshold (Ct) values indicate the number of 
amplification cycles of viral RNA required for the fluorescent signal to cross the threshold. Ct values are inversely 
correlated with the amount of viral load (RNA). Thus, the higher the Ct value, the lower the amount of viral RNA i.e., 
low viral load.7

Although the Ct value in RT-PCR SARS-CoV-2 has shown some potential as a marker for severe disease in patients 
with COVID-19 illness,8,9 the data are not conclusive.10 One systematic review of 14 studies found an association 
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between Ct value and COVID-19 severity in 8 studies while the remaining 6 studies did not find this association.5 Other 
studies, not included in the above review have also reported no association.11–14

An alternative prognostic variable that has been suggested by many researchers are symptoms at presentation, 
although, again, there is no consensus. One meta-analysis found that cough, dyspnoea, fatigue, fever, and gastrointestinal 
symptoms were prognostic for severe COVID-19 disease severity, but not with headache, muscle ache, and sore throat.15 

Another meta-analysis found an association between dyspnoea and COVID-19 severity.16 However, other studies have 
reported differing results17,18 and more research is still needed to understand the prognostic value of symptoms in relation 
to COVID-19 severity.

Although there is reduced use of the RT-PCR for testing for SARS-CoV-2 due to the introduction and widespread use 
of lateral flow tests,19 the PCR is still used as the main confirmatory test in clinical settings.6 It is still unclear whether, 
apart from its diagnostic value, the Ct value is useful in predicting the severity of COVID-19, and thus, aiding in triaging 
patients.10 The situation is similar for symptoms, since COVID-19 is characterized by heterogenous symptomatic 
presentation of patients and clinicians would benefit from knowing which symptoms indicate a higher possibility of 
severe COVID-19 when a patient presents.20 Further, research on these topics is scarce in the Middle East and North 
Africa region, where determinants of COVID-19 severity may be different to those reported in the other regions. The 
main aim of this study was to investigate the association of both RT-PCR Ct values and symptoms with ICU admission 
and mortality in individuals hospitalized with COVID-19.

Methods
Study Design and Participants
We conducted a case–control study with data obtained from Qatar Biobank (QBB). The inclusion criteria were testing 
positive for COVID-19 based on RT-PCR and age ≥50, since older age is associated with higher risk of severe COVID- 
19. We excluded individuals with missing Ct values data on ICU-admissions. In the primary analysis, the cases were all 
adults diagnosed with COVID-19 who were ICU-admitted due to severe COVID-19 infection, whereas the controls were 
non-ICU-admitted adult patients diagnosed with COVID-19. In the secondary analysis, the cases were patients diagnosed 
with COVID-19 who died inside the hospital, whereas the controls were all COVID-19 patients who did not die.

Sample Size and Sampling Methods
The sample available for this study was limited to the data that were available to the QBB in their cohort of COVID-19 
participants at the time the study was conducted. At the time this study was conducted, the QBB only had 622 
participants, out of which 236 were admitted to the ICU and the remaining 386 were not admitted into the ICU. 
A total sampling approach was therefore used, as the study sought to evaluate multiple associations. Retrospective power 
calculations suggested that a sample size of 2822 would have been required to detect a statistically significant association 
between Ct value ≤25 and ICU or mortality. Notably, the effect sizes observed in this study did not suggest meaningful 
associations between Ct value ≤25 and ICU or mortality and any increase in sample size was unlikely to change this as it 
could only impact the p-values. However, there was no need for retrospective power calculation for the associations 
between symptoms and both ICU admission and mortality as the current sample size was enough to detect significant 
associations.

Data Collection
Data were collected by using two methods: first, through a face-to-face questionnaire in an electronic format using the in- 
house developed clinical information system (Onyx) by trained QBB staff.2 Second, by accessing QBB participants’ 
medical records from MoPH and HMC. All participants were Qatar residents, diagnosed with COVID-19 and able to 
communicate in Arabic, English, Hindi, and Urdu; recruited at the main COVID-19 hospitals and isolation centers in 
Doha, Qatar, from March until September 2020. Consented participants were followed up on a weekly basis until 
recovery, and then on a monthly basis for a year.
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Ct Values
Ct values were measured from the RT PCR using the thermocycler machine. The Ct value was calculated using 
a computer and was defined as the number of nucleic acid replication cycles required for the fluorescent signal to 
cross the threshold. All samples used in the assay were obtained from the nasopharynx. One single sample was taken 
from each individual at the time of admission to the healthcare. We categorized the Ct values into two groups: low viral 
load (Ct ≥ 25) and high viral load (Ct < 25).

RT-PCR Platforms and Thermal Cycling Ct Kinetics
All assays were validated in line with College of American Pathologists (CAP) accreditation standards and analyzed for 
comparative amplification kinetics of each gene target. Both automated and manual platforms were used to quantify Ct 
values. Two automated platforms were used, which are Roche cobas 6800 using the cobas SARS-CoV-2 Test amplifying 
E and orf1a/b genes (Roche) and the Xpert Xpress SARS-CoV-2 amplifying the E and N genes (Cepheid). The manual 
platforms used the EZ1 (Qiagen) and QIAsymphony (Qiagen) extraction processes with thermal cycling provided by the 
TaqPath PCR COVID-19 Combo Kit, amplifying the N, S and orf1a/b genes (Thermo Fisher Scientific), on ABI 7500 
thermal cyclers (Thermo Fisher Scientific). SARS-CoV-2 results were reported by use of pre-determined gene cut-offs of 
the respective kit.21

Symptoms
Symptoms were documented by the QBB staff and extracted from the patient charts. We grouped the different sets of 
symptoms by system, ie, respiratory, gastrointestinal (GI), and systemic. Upper Respiratory symptoms were cough, sore 
throat, and runny nose. Lower respiratory symptoms were dyspnoea, wheezing, and chest pain. Systemic symptoms were 
fever, chills, fatigue, muscle ache, headache, and anosmia. GI symptoms were nausea and/or vomiting. It was not clear 
how many symptoms were present before admission.

Statistical Analysis
Descriptive statistics were presented as means and standard deviations (SD) for normally distributed data or medians and 
IQRs for data with skewed distribution. Categorical variables were presented as frequencies and percentages and were 
compared using Chi-squared and Fisher's exact tests as appropriate. Mean values were compared using unpaired t-test 
and ANOVA as needed. Mann–Whitney U-test was used to compare continuous variables for independent groups. A two- 
tailed p-value less than 0.05 was considered statistically significant.

To investigate the association of categorical Ct value with ICU admission, we conducted a multivariable logistic 
regression model and adjusted for age, sex, CVD, chronic lung disease, CKD, and diabetes mellitus as prognostic factors. 
Likewise, we conducted a similar logistic regression model adjusted for the same variables to study the association of Ct 
value and mortality. Additionally, we carried out 3 logistic regression models adjusted for the same variables to 
investigate if respiratory, gastrointestinal, and systemic symptoms are associated with ICU admission. All the statistical 
analysis was carried out using STATA 16.0.

Results
Figure 1 shows the flow chart of the study. After the exclusion of 5 ineligible subjects due to incomplete data, 622 
patients were available for analysis. Of these patients, 236 (37.9%) were ICU-admitted and 386 (62.1%) were not ICU- 
admitted. Table 1 shows the baseline characteristics of both groups. The median age for all participants was 57 years (53– 
63); 430 (69.1%) were males, and 192 (30.9%) were females. Most subjects were from MENA (49.2%), followed by 
South Asia (35.1%). Systemic symptoms were the most common (n = 500, 87.9%), followed by respiratory symptoms (n 
= 433, 81.2%), whereas 143 (27.4%) had GI symptoms. The most common underlying diseases were diabetes (n = 372, 
59.8%), hypertension (n = 368, 59.2%), and cardiovascular disease (n = 343, 55.1%). ICU-admitted patients were more 
likely to be older and males. In addition, they had a higher frequency of comorbidities (Table 1).
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Association of Ct Value with ICU Admission and Mortality
The median Ct values were slightly higher in cases (admitted to ICU) (median 22.9, IQR 19.0–22.9) than in controls 
(median 21.6, IQR 18.3–21.6), with weak evidence against the null hypothesis (p=0.102). The proportion of individuals 
with Ct value ≤25 was slightly lower in cases than in controls (67.0% vs 71.5%, respectively), again with little evidence 
against the null hypothesis (p=0.230). When categorized, Ct value ≤25 showed no association with the odds of ICU 
admission (OR 0.85, 95% CI 0.56 to 1.29, P=0.442).

The median Ct values were slightly lower in individuals who died (median 21.4, IQR 17.5–21.4) than in those who 
were alive (median 22.1, IQR 18.6–21.1), with weak evidence against the null hypothesis (p=0.176). The proportion of 
individuals with Ct value ≤25 was slightly higher in individuals who died than and controls (73.0% vs 69.0%, 
respectively, p=0.418). Similar to ICU, Ct value ≤25 had no association with the odds of mortality (OR 1.21, 95% CI 
0.71 to 2.08, P=0.477).

Association of Presenting Symptoms with ICU Admission and Mortality
After multivariable logistic regression, respiratory symptoms (OR 2.95, 95% CI 1.57 to 5.56, P=0.001), and gastro
intestinal symptoms (OR 1.99, 95% CI 1.18 to 3.35, P=0.010) were both strongly associated with severe COVID-19. 
However, systemic symptoms had no association with ICU admission as shown in Table 2. Specific symptoms that were 
associated with severe COVID-19 were all lower respiratory symptoms in addition to cough, as illustrated in Table 2. 
Likewise, respiratory symptoms (OR 4.96, 95% CI 1.10 to 22.43, P=0.038), and gastrointestinal symptoms (OR 3.17, 
95% CI 1.29 to 7.84, P=0.012) were both strongly associated with mortality. However, systemic symptoms had no 
association with mortality. Individual symptoms that were associated with mortality were cough, dyspnoea, runny nose, 
chest pain, and chills as shown in Table 3.

Figure 1 Study Timeline.
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Discussion
Our study showed that Ct value had no association with either ICU admission or mortality. On the other hand, we found 
that respiratory and GI symptoms were collectively strongly associated with higher odds of ICU admission and mortality. 
On individual basis, cough, dyspnoea, wheezing and chest pain were associated with increased ICU admission odds. 
Besides, cough, dyspnoea, runny nose and chills were associated with increased odds of mortality.

Although our study did not find an association between Ct value and COVID-19 criticality and mortality, findings 
from the literature are not conclusive. While some studies found no association between Ct value and disease severity,11– 

14 others reported a positive association between Ct values and severe COVID-19.5,10,22,23 These differences could be 
explained by differences in the sampling technique, sampling time, sampling site, disease stage at which the sample is 

Table 1 Baseline Characteristics of the Patients

Level Total (n=622) ICU- 
Admitted

Non-ICU- 
Admitted

P-value Test Used

(n = 236) (n = 386)

Age, years Median (IQR) 57 (53–63) 60 (54–67) 56 (52–61) <0.01 Mann Whitney U-test

Sex n (%) – – – <0.01 Chi-square test

Male – 430 (69.1) 213 (49.5) 217 (50.5)

Female – 192 (30.9) 23 (12.0) 169 (88.0)

Place of Origin n (%) – – – <0.01 Chi-square test

East and Pacific – 59 (9.49) 30 (50.8) 29 (49.2) –

Europe – 7 (1.13) 0 (0.00) 7 (100) –

Latin America and Caribbean – 2 (0.32) 0 (0.00) 2 (100) –

MENA – 306 (49.20) 65 (21.2) 241 (78.8) –

North America – 5 (0.80) 2 (40.0) 3 (60.0) –

South Asia – 218 (35.05) 131 (60.0) 87 (40.0) –

Sub-Saharan Africa – 25 (4.02) 8 (32.0) 17 (68.0) –

Symptomatic n (%) 487 (94.8) 129 (26.5) 358 (73.5) >0.01 Chi-square test

Systemic Symptoms n (%) 500 (87.9) 154 (30.8) 346 (69.2) >0.01 Chi-square test

Respiratory Symptoms n (%) 433 (81.2) 130 (30.0) 303 (70.0) <0.01 Chi-square test

GI Symptoms n (%) 143 (27.4) 39 (27.3) 104 (72.7) >0.01 Chi-square test

Hypertension present n (%) 368 (59.2) 172 (47.7) 196 (52.3) <0.01 Chi-square test

Diabetes Mellitus present n (%) 372 (59.8) 163 (43.8) 209 (56.2) <0.01 Chi-square test

Cardiovascular disease n (%) 343 (55.1) 181 (52.8) 162 (47.2) <0.01 Chi-square test

Chronic lung disease n (%) 115 (18.5) 35 (30.4) 80 (69.6) 0.066 Chi-square test

Chronic kidney disease n (%) 73 (11.7) 52 (71.2) 21 (28.8) <0.01 Chi-square test

Chronic liver disease n (%) 22 (3.54) 18 (81.8) 4 (18.2) <0.01 Chi-square test

Autoimmune disease n (%) 13 (2.09) 2 (15.4) 11 (84.6) 0.146 Fisher’s exact test

Cancer present n (%) 23 (3.70) 12 (52.2) 11 (47.8) 0.152 Chi-square test

Tuberculosis present n (%) 2 (0.32) 1 (50.0) 1 (50.0) 1 Fisher’s exact test
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Table 2 Association Between Ct Values, Symptoms and ICU-Admission – Multivariable Logistic Regression 
Models

ICU-Admission OR P value 95% CI

Ct value <25 (base = Ct value ≥25) 0.85 0.442 0.56 to 1.29

Respiratory symptoms (base = no respiratory symptoms) 2.95 0.001 1.57 to 5.56

Upper respiratory symptoms

Cough (base = no cough) 2.06 0.003 1.28 to 3.30

Sore throat (base = no sore throat) 1.31 0.245 0.83 to 2.07

Runny nose (base = no runny nose) 1.44 0.19 0.84 to 2.46

Lower respiratory symptoms

Dyspnoea (base = no dyspnoea) 6.48 <0.001 3.93 to 10.70

Wheezing (base = no wheezing) 1.85 0.042 1.02 to 3.35

Chest pain (base = no chest pain) 2.5 <0.001 1.54 to 4.05

Systemic symptoms (base = no systemic symptoms) 1.08 0.779 0.60 to 1.95

Fever (base = no fever) 1.44 0.095 0.94 to 2.22

Chills (base = no chills) 1.16 0.519 0.73 to 1.85

Fatigue (base = no fatigue) 0.91 0.669 0.58 to 1.42

Muscle aches (base = no muscle aches) 0.83 0.417 0.53 to 1.30

Headache (base = no headache) 0.88 0.594 0.56 to 1.40

Anosmia (base = no anosmia) 1.15 0.546 0.73 to 1.80

Gastrointestinal symptoms* (base = no gastrointestinal symptoms) 1.99 0.01 1.18 to 3.35

Notes: These models are adjusted for age, sex, CVD, chronic lung disease, CKD, and diabetes mellitus. *The only gastrointestinal symptoms 
reported were nausea and/or vomiting.

Table 3 Association Between Ct Values, Symptoms and Mortality – Multivariable Logistic Regression Models

Mortality OR P value 95% CI

Ct value <25 (base = Ct value ≥25) 1.21 0.477 0.71 to 2.08

Respiratory symptoms (base = no respiratory symptoms) 4.96 0.038 1.10 to 22.43

Upper respiratory symptoms

Cough (base = no cough) 2.9 0.041 1.04 to 8.07

Sore throat (base = no sore throat) 2 0.1 0.88 to 4.55

Runny nose (base = no runny nose) 2.71 0.031 1.10 to 6.71

Lower respiratory symptoms

Dyspnoea (base = no dyspnoea) 11.91 <0.001 4.07 to 34.90

Wheezing (base = no wheezing) 2.25 0.118 0.81 to 6.23

Chest pain (base = no chest pain) 2.46 0.035 1.07 to 5.66

(Continued)
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obtained, and duration from sampling to analysis, which all affect the Ct value of an individual.24 In many studies, 
similar to our case, the time of sampling does not coincide with the time of infection, which is usually unknown, and this 
may influence the viral load at the time the Ct value is measured.

We found that dyspnoea was strongly associated with both ICU admission and mortality. These results are similar to 
those reported by one meta-analysis and two other studies not included in that analysis.25–27 Furthermore, we found an 
association between GI symptoms and ICU admission, which was supported by one study published in 2019.28 However, 
several articles in the literature prove otherwise. In a systematic review that investigated the associations between GI and 
hepatic manifestations with COVID-19 disease severity found no association.29 We found no association between 
systemic symptoms and COVID-19 disease severity, which matches the literature findings.25 This might have been 
attributed to the fact that symptoms such as fever, myalgia and fatigue seem to be not only the most common 
manifestations of COVID-19 but they are also present in all stages of the disease.16

Our study had some limitations. First, the power of the study was low. However, the significance of statistical power 
is more relevant in clinical trials. Additionally, the confidence intervals in our results are narrow, which challenges the 
significance of calculating the power in our study. We also were unable to control for time of testing, which is an 
important confounder as we did not have information about the time interval between clinical onset of the disease and 
testing. This factor is important because Ct value changes with time and disease progression. In addition, the analysis of 
GI symptoms might have been limited by not including diarrhoea, which was a variable our dataset lacked. Moreover, 
our study does not account for variant type because variant classification was not relevant in that time period. Also, at the 
time our study was conducted no variant was labelled as variant of concern (VOC) or variant of interest (VOI). However, 
due to lack of studies that address SARS-CoV-2 variants in Qatar at that time, we assume that the circulating strain was 
the original Wuhan strain.

In summary, this study found no association between Ct value and severity of COVID-19 disease. However, strong 
associations between respiratory and GI symptoms with ICU admission and mortality were found. The prognostic value 
of RT-PCR in COVID-19 patients seems insignificant and other prognostic tools need to be explored to aid in the 
management of COVID-19 patients and predict disease outcomes, including the symptoms of the disease.

Conclusion
Although RT-PCR Ct value is diagnostic, its prognostic value appears to be insufficient. Respiratory and GI symptoms 
have a strong association with COVID-19 severity but more accurate parameters need to be explored. Finding an 
accurate prognostic tool would help physicians prioritize urgent cases and prevent undesired outcomes.

Table 3 (Continued). 

Mortality OR P value 95% CI

Systemic symptoms (base = no systemic symptoms) 0.8 0.58 0.37 to 1.74

Fever (base = no fever) 1.68 0.115 0.88 to 3.22

Chills (base = no chills) 3.06 0.01 1.31 to 7.17

Fatigue (base = no fatigue) 0.91 0.811 0.40 to 2.05

Muscle aches (base = no muscle aches) 1.4 0.438 0.60 to 3.27

Headache (base = no headache) 0.98 0.956 0.41 to 2.33

Anosmia (base = no anosmia) 1.37 0.458 0.60 to 3.11

Gastrointestinal symptoms* (base = no gastrointestinal symptoms) 3.17 0.012 1.29 to 7.84

Notes: These models are adjusted for age, sex, CVD, chronic lung disease, CKD, and diabetes mellitus. *The only gastrointestinal symptoms 
reported were nausea and/or vomiting.
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CKD, Chronic Kidney Disease; COVID-19, Coronavirus Disease of 2019; Ct, Cycle Threshold; CVD, Cardiovascular 
Disease; ICU, Intensive Care Unit; GI, Gastrointestinal; IQR, Interquartile Range; MENA, Middle East and North 
Africa; OR, Odds Ratio; RT-PCR, Reverse-transcriptase Polymerase Chain Reaction; SARS-COV-2 Severe Acute 
Respiratory Syndrome Coronavirus 2; SD, Standard Deviation.
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