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A B S T R A C T

Aim: Studies analyzing viral load in COVID-19 patients and any data that compare viral load with chest
computerized tomography (CT) severity are limited. This study aimed to evaluate the severity of chest CT
in reverse transcriptase polymerase chain reaction (RT-PCR)-positive patients and factors associated with
it.
Methodology: SARS-CoV-2 RNA was extracted from nasopharyngeal swab samples by using Bio-speedy
viral nucleic acid buffer. The RT-PCR tests were performed with primers and probes targeting the RdRp
gene (Bioexen LTD, Turkey) and results were quantified as cycle threshold (Ct) values. Chest CT of SARS-
CoV-2 RNA-positive patients (n = 730) in a period from 22 March to 20 May 2020 were evaluated. The
total severity score (TSS) of chest CT ranged 0–20 and was calculated by summing up the degree of acute
lung inflammation lesion involvement of each of the five lung lobes.
Results: Of the 284 patients who were hospitalized, 27 (9.5%) of them died. Of 236 (32.3%) patients, there
were no findings on CT and 216 (91.5%) of them were outpatients (median age 35 years). TSS was
significantly higher in hospitalized patients; 5.3% had severe changes. Ct values were lower among
outpatients, indicating higher viral load. An inverse relation between viral load and TSS was detected in
both groups. CT severity was related to age, and older patients had higher TSS (p < 0.01).
Conclusion: Viral load was not a critical factor for hospitalization and mortality. Outpatients had
considerable amounts of virus in their nasopharynx, which made them contagious to their contacts. Viral
load is important in detecting early stages of COVID-19, to minimize potential spread, whereas chest CT
can help identify cases requiring extensive medical care.
© 2020 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The World Health Organization (WHO) declared the outbreak of
novel coronavirus disease (COVID-19) as a public health emergen-
cy of international concern on 30 January 2020. The first case in
Turkey was detected on 11 March 2020. According to the Turkish
Ministry of Health data, 3,297,509 tests had been performed and
198,284 laboratory-confirmed cases reported by 30 June 2020
(Anon, 2020).

According to the WHO interim guide, the primary and preferred
method for diagnosis is collection of upper respiratory samples via
nasopharyngeal and oropharyngeal swabs, and detection of SARS-
CoV-2 RNA by RT-PCR (World Health Organization, 2020). Like
other molecular tests, efficacy of RT- PCR in the diagnosis of COVID-
19 infection is greatly dependent on the pre-analytical phase,
including patient selection and material collection, and the
extraction method of RNA and performance of RT-PCR test kit.
Li et al. (2020a) reported a potentially high false negative rate of
RT-PCR testing for SARS-CoV-2 in the 610 hospitalized patients
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ith symptomatic persons, the rate of positivity could reach 50%
ithout any evidence of symptoms or proven infection (Zhuang
t al., 2020). Studies that give the amount of SARS-CoV-2 RNA in
linical specimens by reporting cycle threshold (Ct) values for RT-
CR are limited. The Ct is defined as the number of cycles required
or the fluorescent signal to cross the threshold. Ct levels are
nversely proportional to the amount of target nucleic acid in the
ample (i.e. the lower the Ct level, the greater the amount of target
ucleic acid in the sample).
Chest computed tomography (CT), as a routine imaging tool for

iagnosing pneumonia, is relatively easy to perform and can
roduce fast diagnosis of COVID-19. Chest CT demonstrates
ypical radiographic features in COVID-19 patients, including
round-glass opacities, multifocal patchy consolidation, and/or
nterstitial changes with a peripheral distribution (Guan et al.,
020). With RT-PCR results as reference in 1014 patients, the
ensitivity, specificity and accuracy of chest CT in indicating
OVID-19 infection were 97% (580/601), 25% (105/413) and 68%
685/1014), respectively (Ai et al., 2020). Although some studies
uggest that RT-PCR testing has limited sensitivity and chest CT
as good sensitivity for COVID-19, these reports used limited
ethods (Waller et al., 2020).
This study evaluated chest CT results of SARS CoV-2 RT-PCR-

ositive patients. The total severity score (TSS) was suggested to
uantify pulmonary inflammation and correlate with the clinical
lassifications. TSS is a quantification method with which to score
he severity of inflammation on CT images based on summing up
egree of acute lung inflammation lesion involvement of each lobe
including ground-glass opacity, consolidation or other fuzzy
nterstitial opacities) (Chung et al., 2020; Li et al., 2020b). It is
elieved that this is the first study that analyze TSS of chest CT and
t values of SARS-CoV-2 RNA in both hospitalized patients and
utpatients.

aterials and methods

The study protocol was approved by the Institutional Review
oard and the Ethics Committee of Marmara University Faculty of
edicine.
Patients aged >18 years with a definitive COVID-19 diagnosis

rom 22 March to 20 May 2020 were included. Patients without a
hest CT within 72 h of RT-PCR positivity were excluded. Patient
emographics, data regarding the in-hospital mortality and
ransfer or admission to ICU were manually collected from
lectronic health records. Information was transferred to an
lectronic database. A trained team of doctors reviewed the data.
he first available chest CTs were recorded in patients with
ultiple imaging.

iagnosis of COVID-19 infection

The Turkish Ministry of Health diagnostic guideline defines a
OSSIBLE case as a patient with acute respiratory illness (fever and
t least one sign/symptom of respiratory disease, e.g., cough,
hortness of breath) with either a history of travel to a location
eporting community transmission of COVID-19 disease or having
een in contact with a confirmed COVID-19 case in the last 14 days
rior to symptom onset; or a patient with severe acute respiratory
llness requiring hospitalization without an alternative diagnosis
hat fully explains the clinical presentation. A DEFINITIVE case is

(Roche, Switzerland). Each 20 mL reaction mixture contained 5 mL
of Oligo Mix, 10 mL of 2X Prime Script Mix and 5 mL of RNA as the
template. The thermal cycling condition was 15 min at 45 �C for
reverse transcription, 3 min at 95 �C for PCR initial activation, and
45 cycles of 5 s at 95 �C and 35 s at 55 �C, according to the
manufacturer’s instructions (Bioexen LTD). Oligo Mix contains
internal control (IC) targeting Human RNase P gene as an
extraction control. A positive and a negative control were included
in each run to generate a valid result. A Ct value of <45 was defined
as a positive result. Viral load was categorized as high (<20),
medium (20–29.9), low (30–39.9), and very low (>40). Analytical
and clinical performance of the kit was determined by the Turkish
Ministry of Health, General Directorate of Public Health, Depart-
ment of Microbiology Reference Laboratories and Biological
Products (HSGM). The analytical sensitivity of the kit was 99.4%
and its specificity was 99.0%.

Image analysis and quantitative CT evaluation

Chest CT exams were performed within 1–3 days of PCR assay.
Image analysis was performed using PACS (Picture Archiving and
Communication System) workstation (INFINITT Healthcare Co.,
Ltd). Radiologists were blinded to the clinical and laboratory data
of the cases. TSS was calculated by quantifying the disease affected
areas for each lobe. Each of the five lobes were given a score
ranging 0–4, based on the percentage of affected area as none (0%),
minimal (1–25%), mild (26–50%), moderate (51–75%), or severe
(76–100%). TSS was calculated by adding up the values for five
lobes and ranged 0–20. TSS score analysis was performed in four
groups: none (0), mild (1–5), moderate (6–10), and severe (11–20).
All CT images were separately evaluated by two radiologists, with 3
years and 4 years of experience, and a consensus was reached on
the final score. In cases where a consensus was not possible, a chest
radiologist with 20 years of experience had the final word (Chung
et al., 2020; Li et al., 2020b; Li et al., 2020c). Figure 1a–f shows a
patient who had TSS 10, as an example.

Statistical analysis

Descriptive statistics were presented as percentages and
medians (IQR) in data without normal distribution. Categorical
variables were compared using the Chi-squared and Fisher’s exact
tests. The Mann-Whitney U test was used to compare continuous
variables for independent groups. All tests were two-tailed; p-
values of <0.05 were considered statistically significant. Statistical
analyses were performed by using SPSS version 21.0 (SPSS Inc.,
Chicago, IL, USA).

Results

SARS CoV2- RNA RT-PCR-positive patients (n = 904) treated at
Marmara University Hospital from 22 March to 20 May 2020 were
analyzed. A total of 103 adult patients whose chest CTs were
unavailable at the time of positive RT-PCR assay and 61 children
were excluded. After exclusion of these patients, 730 patients were
available for analysis. Figure 2 shows the flowchart of the study. Of
these patients, 284 (39%) were hospitalized and 27 of them died
during the hospitalization period.

Characteristics of patients are shown in Table 1. The median age
was 42 years (30–55) and 365 (49.9%) were female. No significant
efined as laboratory-confirmed PCR positivity.
Viral RNA was extracted by using Bio-speedy1 viral nucleic acid

uffer (Bioexen LTD, Turkey) and RT-PCR was performed with Bio-
peedy1 COVID-19 qPCR detection kit, Version 2 (Bioexen LTD)
sing primers and probes targeting the RNA-dependent RNA
olymerase (RdRp) gene fragment in a LightCycler1 96 System
16
difference was detected between hospitalized patients and out-
patients for the presence of fever, cough, dyspnea, and contact with
documented or suspected cases. In 62.3% of hospitalized patients
and 17% of outpatients there was at least one comorbidity (p <
0.01). In 8.5% of hospitalized patients there were more than three
comorbidities
1



Figure 1. a–f. Forty-three-year-old female patient admitted with ongoing fever, cough and dyspnea for 8 days. Chest CT on admission showed bilateral subpleural multifocal
ground-glass opacities and consolidations, with lower lobe dominance typical of SARS-CoV2 pneumonia. Total Severity Score was calculated as 10.
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In 236 (32.3%) patients, of whom 216 were not hospitalized, TSS
as 0, indicating that there were no COVID-19-related findings on
T at the time of RT-PCR positivity. The median TSS was
ignificantly higher among hospitalized (5, IQR: 3–6) patients
ompared with outpatients (1, IQR: 0–3) (p <0.01). Fifteen (5.3%)
ospitalized patients had severe TSS.
Compared with hospitalized patients, the proportion of out-

atients with high (7.0% vs 4.6%, respectively) and medium (68.8%
s 59.9%, respectively) nasopharyngeal viral load was significantly
igher (Table 1). There was an inverse relationship between viral
oad (Ct value) of SARS CoV-2 in nasopharyngeal specimens and
SS of CT among all patients (Figure 3). Viral load was significantly
ower in patients who had high TSS on chest CT (both in inpatients
nd outpatients). In hospitalized patients, the median viral load
as highest (24.9, IQR: 22.0–27.9) in patients without CT

nvolvement when compared with patients with mild (27.8, IQR:
3.5–31.5), moderate (29.4, IQR: 25.8–32.1) and severe (27.9, IQR:
5.1–32.8) CT involvement (Table 2). Severe involvement of chest
T was not observed in the outpatient group. Viral load was
ignificantly higher in patients with no chest CT lesions compared
ith patients with mild and severe chest CT involvement (Table 3).

(27 of 284); older age, CRP positivity and CT severity were
significant risk factors (Table 4).

Discussion

Marmara University Hospital is situated in Istanbul, where 18
million inhabitants live. The incidence of COVID-19 has been
reported as 17.3% per 100,000 inhabitants (Anon). There are a
limited number of studies that give the amount of SARS-CoV-2 RNA
in clinical specimens by reporting Ct values for RT-PCR. Chest CT is
a quick diagnostic method for COVID-19 disease, but scoring
pulmonary inflammation and correlating it with the clinical
severity is not a routine approach. It is believed that this is the first
study to analyze two diagnostic facilities.

Studies that give the quantification of SARS-CoV-2 RNA in
clinical specimens by reporting Ct values of RT-PCR are limited. The
median Ct value of SARS-CoV-2 RNA in the current study was 28.16
(IQR: 24.5–31.6) for hospitalized patients and 26.77 (IQR: 23.1–
29.7) for outpatients. A large USA series analyzed 4428 RT-PCR-
positive samples and the overall viral Ct range of positive samples
was 6.16–37.92 (Kleiboeker et al., 2020). Zeng et al. (Zheng et al.,

igure 2. Flowchart of the study.
TSS, Total Severity Score
 linear increase in median age in both inpatients and outpatients
as detected, and CT severity was related to age (p < 0.01) (Tables 2
nd 3). Presence of at least one comorbidity was not related to TSS.
RP levels were only analyzed in hospitalized patients, and high
evels of CRP were related to severe lesions in CT (p < 0.01)
Table 2). The mortality rate among hospitalized patients was 9.5%
16
2020) estimated the viral loads in > 3000 samples collected from
96 patients and reported that patients with severe disease had
significantly higher viral loads, and viral load was greater during
the initial stages of the disease. (Magleby et al. (2020)) evaluated
678 patients with COVID-19 and reported that higher viral load
was associated with increased age, comorbidities, smoking status,
3
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and recent chemotherapy. Admission SARS-CoV-2 viral load
among hospitalized patients with COVID-19 was shown to be
independently correlated with the risk of intubation and in-
hospital mortality.

The current study included hospitalized patients and out-
patients who were treated at home. It analyzed the cardinal
symptoms such as fever, cough and dyspnea in two groups and
found no difference. The presence and the number of comorbid-
ities were higher in hospitalized patients (p < 0.01). (Huang et al.
(2020)) reported that elevated CRP was associated with an
increased composite poor outcome and disease severity in
COVID-19. The CRP levels at the time of PCR request were mostly
available for hospitalized patients, and a statistical comparison
could not be made in the current study. In a series of 76 patients,
the Ct values of severe cases were shown to remain significantly
lower for the first 12 days after onset compared with those of

corresponding mild cases (Liu et al., 2020). However, in another
study in which 414 swabs were collected from 94 patients, high
viral loads were detected soon after symptom onset and there was
no difference in viral load across disease severity (He et al., 2020).
In the current study, the mortality rate was 9.5% among
hospitalized patients and viral load was not associated with
mortality, whereas older age, CRP positivity and CT severity were
significant risk factors.

There is a filiation system in Turkey to prevent the disease by
interrupting the chain of transmission with systematic tracing and
isolation of susceptible individuals having contact with any
confirmed COVID-19 cases. Soon after observance of the first
confirmed case of COVID-19 in Turkey on 11 March 2020, the index
case and its contacts were successfully identified (Demirtaş and
Tekiner, 2020). Zhou et al. (2020) demonstrated that although
asymptomatic patients with COVID-19 have a lower viral load, they
still have a certain period of viral shedding, which suggests the
possibility of transmission during their asymptomatic period. The
median Ct value was significantly higher in the incubation period
than that of the hospitalization period. Zou et al. (2020) showed
that the viral loads were equally high among asymptomatic
patients and those with symptoms, which suggests the transmis-
sion potential of asymptomatic or minimally symptomatic
patients. These findings are in agreement with the current
findings, which report that there was a considerable amount of
virus (high to medium) in the nasopharynx of 338 of 446
outpatients, which made them contagious to their contacts.

Chest CT as an important method for COVID-19 diagnosis has

Table 1
Characteristics of the patients.

Inpatient (n = 284) Outpatient (n = 446) P-value Overall

Age, median, (25–75th percentile) 58 (47–67.5) 35 (27–44) 42 (30–55)
Sex, female, n (%) 147 (40.3) 218 (59.7) 365 (49.9)
Fever present, n (%) 93 (32.7) 137 (30.7) 0.50 230 (31.5)
Cough present, n (%) 201 (70.8) 286 (64.1) 0.14 487 (66.7)
Dyspnea present, n (%) 96 (33.8) 136 (30.5) 0.19 232 (31.8)
Contact with documented or suspected case, n (%) 157 (55.3) 260 (58.3) 0.68 417 (57.1)
At least one comorbidity present (%) 177 (62.3) 76 (17.0) 253 (34.6)
Number of comorbidities
0 106 (37.3) 370 (83.0) < 0.01 476 (65.2)
1 66 (23.2) 51 (11.4) 117 (16.0)
2 53 (18.7) 17 (3.8) 70 (9.6)
3 34 (12.3) 5 (1.1) 40 (5.5)
� 4 24 (8.5) 3 (0.7) 27 (3.7)
CRP � 30 (%) 120 (48.6) 4 (12.5) < 0.01 124 (44.4)
CRP � 5 214 (86.6) 12 (37.5) < 0.01 226 (81.0)
Chest CT severity score
TSS, median (IQR) 5 (3–6) 1 (0–3) < 0.01 2 (0–5)
None (0) 20 (7.0) 216 (48.4) < 0.01 236 (32.3)
Mild (1–5) 182 (64.1) 211 (47.3) 393 (53.8)
Moderate (6–10) 67 (23.6) 19 (4.3) 86 (11.8)
Severe (11–20) 15 (5.3) 0 (0) 15 (2.1)
Viral load (CT), median (25–75th percentile) 28.16 (24.5–31.6) 26.77 (23.1–29.7) 27.2 (23.5–30.5)
Viral load, n (%)
High (< 20) 13 (4.6) 31 (7.0) < 0.01 44 (6.0)
Medium (20–29.9) 170 (59.9) 307 (68.8) 477 (65.3)
Low (30–39.9) 92 (32.4) 100 (22.4) 192 (26.3)
Very low (> 40) 9 (3.2) 8 (1.8) 17 (2.3)
ICU need, on admission and during 45 (15.8)
In-hospital mortality 27 (9.5)

*Documented comorbidities included hypertension, diabetes mellitus, cardiovascular disease, chronic pulmonary diseases, malignancy, chronic liver disease, HIV infection,
and connective tissue disease.
CRP, C-reactive protein; TSS, Total Severity Score; ICU, intensive care unit.
Figure 3. Association of SARS-CoV2 viral load and severity score of chest CT in all
patients. Bars with points represent interquartile ranges and medians.
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been widely used for screening, comprehensive evaluation, and
follow-up of patients. When chest CTs of 121 symptomatic patients
infected with COVID-19 from four centers were evaluated, in the
early phase (0–2 days), 56% of chest CT were normal, while 100% of
RT-PCR were positive with a longer time after the onset of
symptoms (Bernheim et al., 2020). Frequency of CT findings has
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een suggested to be related to infection time course. Pan et al.
emonstrated a lot of ground-glass abnormalities in early disease,
ollowed by development of crazy paving, and finally increasing
onsolidation later in the disease course (Pan et al., 2020). They
laimed that chest CT displays high specificity but low sensitivity,
ainly in patients presenting within the first 4 days of the disease.

n a review assessing 641 search results, the clinical utility of chest
T was reported as limited, particularly for patients who show no
ymptoms and those who are screened early in disease progression
Waller et al., 2020). The authors reported that CT sensitivity and
pecificity for COVID-19 was low and it should be considered a
upplemental diagnostic tool, particularly for symptomatic
atients.
A quantitative assessment was made by radiologists in the

urrent study and TSS was found to be 0 in 236 of all patients
32.3%), indicating that there were no COVID-19-related changes.

real-time RT-PCR SARS-CoV-2 tests, while chest CT was normal.
Screening for COVID-19 with chest CT alone can lead to
misdiagnosis in some patients, which would lead to a potential
infection risk, so CT is unsuitable as an independent screening tool.
Visual quantitative analysis based on CT images has high
consistency and high diagnostic ability, which can reflect clinical
classification; it is expected to accurately assess the clinical
severity of COVID-19 and guide the clinical treatment in
combination with the clinical information.

The most prominent finding in this study was the inverse
relation of viral load and chest CT TSS. Viral load of samples taken
from the nasopharynx was significantly lower in both hospitalized
patients and outpatients who had severe lesions on CT. CT severity
was related to age, and older patients had higher severity score (p <
0.01). Presence of any comorbidity was related to hospitalization
but not found to be related to CT severity. It may be speculated that
although viral load of SARS CoV-2 in nasopharyngeal swab
specimens is high in the early phases of COVID-19, it is not
necessarily related to changes in chest CT. In the later phase of
SARS CoV-2, viral load of nasopharyngeal swab specimens
decreases while that of lower respiratory tract samples increases
and chest CT changes become detectable. In this stage, a sputum
sample or other lower respiratory tract specimens could be more
reliable than nasopharyngeal swab samples. The scoring of chest
CT that was used is a reliable method for COVID-19 diagnosis and it
is suggested that serial scoring of repeated CT could be important
for patients’ follow-up. Further studies that combine detailed
clinical analysis, RT-PCR results and CT images could confirm these
suggestions.

This study agrees with the suggestion by Farfour et al. that
infection prevention and control should be implemented in all
suspected patients on the basis of epidemiological, clinical or

able 2
nalysis of variables for Total Severity Score of chest computed tomography among hospitalized patients.

None Mild Moderate Severe P-value

Sex, female 7 (4.8) 11 (7.5) 99 (67.3) 30 (20.4) 0.56
Age 36.5 (28.5–57) 58.5 (47–68) 57 (48–65) 68 (42–74) < 0.01
Fever present, n (%) 6 (6.5) 55 (59.1) 26 (28) 6 (6.5) 0.17
Cough present, n (%) 13 (6.5) 126 (62.7) 52 (25.9) 10 (5) 0.13
Dyspnea present, n (%) 5 (5.2) 62 (64.6) 25 (26) 4 (4.2) 0.56
Contact with documented or suspected case 14 (8.9) 99 (63.1) 34 (21.7) 10 (6.4) 0.66
Any comorbidity present, n (%) 9 (5.1) 119 (67.2) 37 (20.9) 12 (6.8) 0.08
CRP, median (25–75th percentile) 4.9 (3.11–35.7) 21.05 (8.68–52.4) 56.7 (25.9–127) 90.1 (75–197) < 0.01
Viral load (CT), median (25–75th percentile) 24.9 (22.03–27.97) 27.86 (23.88–31.58) 29.4 (25.87–32.17) 27.97 (25.17–32.87) 0.01

RP, C-reactive protein.

able 3
nalysis of variables for Total Severity Score of chest computed tomography (CT) among outpatients.

None Mild Moderate P-value

Sex, female 109 (50) 102 (46.8) 7 (3.2) 0.51
Age 32 (26–41) 37 (30–45) 43 (37–53) < 0.01
Fever present, n (%) 64 (46.7) 66 (48.2) 7 (5.1) 0.85
Cough present, n (%) 137 (47.9) 138 (48.3) 11 (3.8) 0.45
Dyspnea present, n (%) 66 (48.5) 61 (44.9) 9 (6.6) 0.42
Contact with documented or suspected case 140 (53.8) 115 (44.2) 5 (1.9) < 0.01
Any comorbidity present, n (%) 42 (55.3) 29 (38.2) 5 (6.6) 0.16
Viral load (CT), median (25–75th percentile) 24.82 (21.99–28.98) 27.9 (24.82–30.54) 29.05 (26.88–31.75) < 0.01

able 4
actors associated with in-hospital mortality in hospitalized patients.

Survivors (n = 257) Deaths (n = 27) P-value

Age, median, (IQR) 57 (47–66) 71 (61–78) < 0.01
Sex, female, n (%) 135 (52.2) 12 (44.4) 0.54
Number of comorbidities
0 104 (98.1) 2 (1.9) < 0.01
1 60 (90.9) 6 (9.1)
2 47 (88.7) 6 (11.3)
3 29 (82.9) 6 (17.1)
� 4 17 (70.8) 7 (29.2)
CRP, median (IQR) 24.8 (9.1–60.2) 129 (41.4–221) < 0.01
Chest CT TSS, median (IQR) 5 (2–5) 9 (5–15) < 0.01
Viral load, median (IQR) 27.8 (24.3–31.5) 29.2 (24.2–32.4) 0.91

RP, C-reactive protein; CT, computed tomography; TSS, Total Severity Score.
uan et al. (2020) performed 975 CT scans, which were performed
t the time of admission, and no radiographic or CT abnormalities
ere found in 157 of 877 patients (17.9%) with non-severe disease
nd in five of 173 patients (2.9%) with severe disease. Li et al.,
020b quantified pulmonary inflammation and correlated it with
he clinical classifications among 78 cases, and 30.8% had positive
16
radiological findings, and these measures should be stopped only
when the diagnosis is excluded (Farfour et al., 2020). In this study,
nasopharyngeal viral load was inversely associated with the
severity score of chest CT on admission. This association was
present both in hospitalized patients and outpatients. It is
suggested that viral load is important in detecting the early stages
5
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of Covid-19 infection, to minimize potential spread, whereas CT
can help identify cases requiring extensive medical care.
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