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Abstract
Background To determine the utility of chest radiography (CXR) for assessing and prognosticating COVID-19
disease with an objective radiographic scoring system.

Methods A multicenter, prospective study was conducted, forty patients were included. Seventy-eight CXR’s were
performed on the �rst derivation cohort of twenty patients with COVID-19 (median age 47.5 years, 10 females
and four with comorbidities) admitted between 22 January 2020 and 1 February 2020. Each CXR was scored by
three radiologists in consensus and graded on a 72-point COVID-19 Radiographic Score (CRS). This was
correlated with supplemental oxygen requirement, C-reactive protein (CRP), lactate dehydrogenase (LDH) and
lymphocyte count. To validate our �ndings, the parameters of another validation cohort of twenty patients with
65 CXRs were analysed.

Results In the derivation cohort, seven patients needed supplemental oxygen and one was intubated for
mechanical ventilation with no death. The maximum CRS was signi�cantly different between patients on and
not on supplemental oxygen (p=<.001). There was strong correlation between maximum CRS and lowest oxygen
saturation (r= -.849), maximum CRP (r= .832) and maximum LDH (r= .873). These �ndings were consistent in the
validation cohort. An increment of 2 points in CRS had an accuracy of 0.938 with 100.0% sensitivity (95% CI
100.0-100.0) and 83.3% (95% CI 65.1-100.0) speci�city in predicting supplemental oxygen requirement.

Conclusion Using an objective scoring system (CRS), the degree of abnormalities on CXR correlates closely with
known markers of disease severity. CRS may further be applied to predict patients who require oxygen
supplementation during the course of their disease.

Introduction
Coronavirus disease 2019 (COVID–19) was �rst reported in the Chinese city of Wuhan in mid- December 2019.
(1) The causative severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) represents the third zoonotic
novel coronavirus to cause potentially fatal human lower respiratory tract infection.(1) Compared with SARS-CoV
and Middle East respiratory syndrome (MERS)-CoV, SARS-CoV–2 appears less pathogenic but more
transmissible.(2, 3) As of 19 March 2020, more than 230,000 COVID–19 cases and 9800 deaths have been
reported globally.(4)

Reports from China emphasised the use of computed tomography (CT) of the chest in the diagnostic criteria of
SARS-CoV–2 as CT was reported to be more sensitive than nucleic acid detection from small case series in
China.(5–9) In early reports from Wuhan, CT appeared to be used exclusively which showed bilateral pulmonary
in�ltrates in 98–100% of patients.(10, 11) Guidance from United States Center for Disease Control and
Prevention as well as World Health Organization is silent on the choice of radiology and emphasises the use of
real-time reverse transcription polymerase chain reaction (RT-PCR).(12, 13)

In Singapore and many parts of the world, chest X-ray (CXR) is an essential imaging modality in the diagnosis
and management of COVID–19. It is widely available, low cost and can be performed at bedside. Movement of
patients with COVID–19 out of negative pressured isolation rooms is minimized unless clinically indicated to
avoid nosocomial transmission. During SARS, radiographic scores for CXR correlated well with hypoxia.(14)
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Similarly, the Radiographic Assessment of Lung Edema (RALE) score was useful in gauging the severity of acute
respiratory distress syndrome (ARDS).(15)

The objectives of this study are to investigate the utility of CXR objectively (using a radiographic scoring system
– COVID–19 Radiographic Score [CRS])], examine the correlation between extent of CXR abnormalities and other
known markers of severity, and determine how well CRS predicts the need for supplemental oxygen in patients
with COVID–19 .

Methods

Clinical management and data collection
A multicenter prospective study of all patients with COVID–19 con�rmed by RT-PCR (supplementary material)
and hospitalized in Singapore between 22 January 2020 and 1 February 2020 was performed. In Singapore,
Ministry of Health alerted all doctors to refer patients ful�lling prevailing case de�nitions of COVID–19
(supplementary table 1) to National Centre for Infectious Diseases (NCID) for evaluation; patients may present
on their own to any hospital emergency. Patients were isolated in single rooms with negative pressure and
anteroom, and movement out of isolation rooms was minimized to prevent nosocomial transmission.

At baseline, patients underwent CXR and blood investigations including complete blood count, renal and liver
function tests, C-reactive protein (CRP) and lactate dehydrogenase (LDH). Complete blood count, CRP, LDH and
CXR were repeated at interval to monitor disease progression. Lopinavir-ritonavir was offered as an antiviral after
discussion on limited in vitro and animal data, and clinical experience in SARS before verbal informed consent
was obtained from patients.(16) Daily nasopharyngeal samples for RT-PCR for SARS-CoV–2 was taken to
document cessation of viral shedding; two negative PCR’s 24 hours apart were required before de-isolation and
hospital discharge. Empiric broad-spectrum antibiotics and oseltamivir were prescribed for suspected
community-acquired pneumonia, which were ceased if no bacterial cause or in�uenza was detected.
Corticosteroid was avoided given inconsistent data and potential harm in SARS- CoV.(16) Approval to collect
clinical data was obtained from Ministry of Health, Singapore for patients who did not participate in PROTECT
study (National Healthcare Group Domain Speci�c Review Board, Study Reference 2012/00917) and “A
prospective study to detect novel pathogens & characterize emerging infections” (SingHealth Centralized
Institutional Review Board

Reference 2018/3045), otherwise informed consent was obtained. A standardized case report form modi�ed
from ISARIC was used to extract age, gender, smoking history, comorbidities, symptoms and signs, vital signs,
hematology and biochemistry data.(17)

Radiological assessment
All CXR’s were acquired on digital radiography, exported from Picture Archiving and Communication System, in
Digital Imaging and Communications in Medicine format, and anonymized. All CXR’s were reviewed on a
2048x2048-pixel monitor (Barco, Sunnyvale, CA, USA) by 3 fellowship-trained radiologists with 12, 15 and 17
years of experience respectively and the CXR’s were graded in consensus. The readers were blinded to the
subjects’ clinical outcome and the CXR’s were randomized. The radiographs were �rst determined to be ‘normal’
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or ‘abnormal’. A ‘normal’ radiograph was de�ned as devoid of opacity in the lung �elds and absence of ancillary
�ndings such as pleural effusion and pneumothorax. Radiographs with opacities were deemed ‘abnormal’ and
assessed for predominant pattern and distribution of opacities. Predominant pattern of opacities may be
consolidation (homogeneous opaci�cation, obscuring the blood vessels), ground-glass (hazy opacity without
obscuring the blood vessels), nodular (focal round opacities) or reticular opacities (linear opacities). An opacity
was considered central if most of it was within 2/3 of the hilum and peripheral if it was in the outer 1/3 of the
hemithorax.

An objective COVID–19 Radiographic Score (CRS) was calculated for each CXR modi�ed from the RALE score.
(15) Each lung �eld was divided into three zones (upper, middle, lower); each zone spanned one-third of the lung
�eld craniocaudally. Each lung zone was scored for extent of opacities (Grade 0, no opacity; Grade 1, <25%
opacity; Grade 2, 25–49% opacity; Grade 3, 50- 74% opacity; Grade 4, >75% opacity). The density of the opacity
was scored (Grade 0, clear; Grade 1, hazy [vessel markings clearly visible]; Grade 2, moderate [vessel markings
are partially obscured]; Grade 3, dense [vessels are obscured, air-bronchograms may be present]). Figure 1
illustrates how the score was tabulated. For each zone, the extent of involvement was multiplied by the density
yielding a score upon 12. The sum of the scores of each zone was tabulated to give a total score upon 72.

Statistical analysis
The primary study endpoint was the need for supplemental oxygen, usually administered if oxygen saturation by
pulse oximetry was <92%. Mann-Whitney U test was used to assess the difference between continuous variables
and Fisher’s exact test for categorical variables for patients with and without supplemental oxygen. Spearman
correlation was used to test the correlation between maximum CRS with maximum CRP, maximum LDH, lowest
lymphocyte count and lowest oxygen saturation. Lower lymphocyte count and higher LDH were signi�cantly
associated with intensive care unit admission while higher CRP with desaturation in our case series.(10, 11, 18)

To investigate if an increase in CRS can predict the need for supplemental oxygen, we calculated the difference
between the CRS of the initial CXR and CRS of a subsequent CXR within 48 hours prior to desaturation and
oxygen supplementation. For patients without supplemental oxygen, the difference between the CRS of the initial
CXR and the maximum CRS was used. In this analysis, patients who needed oxygen therapy on admission or
had only one CXR were excluded. Receiver operator curve (ROC) analysis, including area under ROC, sensitivity,
speci�city, positive and negative predictive values, was performed for each variable: change in CRS (∆CRS), CRS,
CRP, LDH and lymphocyte count. A cut-off value that provided optimal sensitivity and speci�city in predicting the
need for supplemental oxygen was subsequently derived for each of these variables.

To validate CRS, we recruited another cohort of COVID–19 patients at NCID ful�lling the same criteria of having
at least one CXR and seven days of inpatient follow-up. Chest radiographs were scored with CRS and a similar
analysis was performed. The results from the validation cohort was compared with the derivation cohort (study
population).

Statistical analysis was performed using IBM SPSS version 19.0 (IBM Corp, Armonk, NY). All statistical tests
were two-sided and P value <0.05 was considered statistically signi�cant.

Results
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Characteristics of the forty included patients on hospital admission including initial CXR, and comparison of
baseline data between patients with and without supplemental oxygen are summarized in Table 1. Brie�y, for the
main derivation cohort of twenty patients, the mean age was 47.5 years (range, 31–74 years), females
comprised half the patients, only four had comorbidities and median time from symptom onset to admission
was 1 day (range, 0–9 days). Two patients required oxygen at presentation and another �ve desaturated
subsequently during the course of hospitalization. One required intubation for mechanical ventilation with no
death. The most common symptoms were fever (75%), cough (80%) and sore throat (55%); diarrhea was reported
in 15%. Leukopenia was noted in seven (35%), lymphopenia in nine (45%) and thrombocytopenia in six (30%).
Older age and an elevated CRP were signi�cantly associated with desaturation and need for supplemental
oxygen. Compared with the derivation cohort, the twenty patients in the validation cohort presented later, more
reported dyspnea and required oxygen on admission. Reported fever, higher measured temperature, lower
lymphocyte, and higher CRP and LDH were signi�cantly associated with need for supplemental oxygen in the
validation cohort.

A total of 78 CXR’s were performed on the �rst twenty patients (61 anteroposterior, eight posteroanterior, nine
supine) (median CXR per patient 3, range 1–11). The median time from symptom onset to �rst CXR was 1.5
days (range, 0–9 days). On admission, ten initial CXR’s were ‘abnormal’. Of the ten abnormal CXR’s, eight showed
consolidation as the predominant pattern of opacity and two showed predominantly ground-glass opacities.
Pattern of distribution were mixed peripheral and central (n = 5), central (n = 4) and peripheral (n = 1). Of the ten
patients with initial normal CXR, three developed CXR changes and two desaturated during hospitalization
requiring supplemental oxygen. Seven patients had ‘normal’ CXR’s throughout hospitalization and none required
supplemental oxygen. Hence, two of ten (20%) patients with initial normal CXR versus �ve of ten (50%) patients
with initial abnormal CXR desaturated subsequently after admission (P = 0.350).

The median initial CRS for all patients in the derivation cohort was 1 (range, 0–19) with no statistically
signi�cant difference between patients with or without supplemental oxygen. However, an initial CRS ≥5
appeared to differentiate patients with or without supplemental oxygen (4 of 7 and 1 of 13, P = 0.031). Of the
thirteen patients with at least one abnormal CXR, the median time from symptom onset to maximum CRS was 6
days (range, 0–11 days) and the median time from �rst CXR to maximum CRS was 2 days (range, 0–8 days).
The median increase in CRS was 8.5 (range, 3–13) versus 0 (range, 0–9) between patients with and without
supplemental oxygen (P = 0.008).

Comparison of initial and maximum CRS, maximum CRP, maximum LDH and lowest lymphocyte count between
patients who needed supplemental oxygen versus those who did not in both derivation and validation cohorts is
shown in Table 2. Maximum CRS (p = <.001), maximum CRP (p = <.001), maximum LDH (p =.001) and lowest
lymphocyte count (p = 0.037) were signi�cantly different between the two groups. Comparable performance
characteristics were observed in the validation cohort which showed initial CRS (p = 0.01), maximum CRS (p =
<0.01), maximum CRP (p = <0.01), maximum LDH (p = <0.01) and lowest lymphocyte count (p = <0.01) to be
signi�cantly different between the two groups.he results of the Spearman’s Rank correlation tests are shown in
Figure 2. There was strong correlation between maximum CRS and CRP (coe�cient 0.832, p≤0.001), maximum
LDH (coe�cient = 0.873, p≤0.001) and lowest oxygen saturation (coe�cient = –0.849, p = <0.001). Moderate
correlation was found between maximum CRS and lowest lymphocyte count (coe�cient = -.662, p = 0.001).



Page 7/16

Figure 3 illustrates the ROC analysis of change in CRS, CRS, CRP, LDH and lymphocyte count prior to
desaturation and need for supplemental oxygen in the derivation cohort. For the oxygenation group, the median
time between CXR prior to desaturation and start of oxygen was 0.5 days (range 0–2 days). An increase in CRS
(area under ROC [AUROC]: 0.938) and an elevated CRP (AUROC: 0.972) had high accuracy in predicting
desaturation. Cut-off values were determined to optimize sensitivity and speci�city (Table 3).. An increase of 2
points in CRS (sensitivity 100.0%, speci�city 83.3%, positive predictive value 66.7%, negative predictive value
100.0%) and serum CRP of ≥26.95 mg/L (sensitivity 100.0%, speci�city 88.9%, positive predictive value 80.0%,
negative predictive value 100.0%) performed best in predicting desaturation and need for supplemental oxygen.
Because �ve of six patients on oxygen required it on admission, this analysis could not be performed for the
validation cohort because of small number of patients with the primary endpoint.

Discussion
Half of the CXR at presentation in our initial derivation cohort of twenty patients were “normal”. This could be
because patients did not yet develop pneumonia at initial presentation, CXR is insensitive in detecting pulmonary
parenchymal involvement or some patients do not progress to pneumonia in COVID–19. Interestingly, three of
these ten patients developed new CXR changes and two patients desaturated while all seven patients whose CXR
remained “normal” did not desaturate. This observation prompted us to investigate a more sensitive method of
evaluating CXR changes in COVID–19. We found an initial CRS value ≥5 differentiated patients who required
supplemental oxygen from those who did not. Although CT chest has been widely used in reported studies of
COVID–19 (5,10,11), and may precede a positive RT-PCR in patients at risk for COVID–19 (9), the imaging
features of COVID–19 are not speci�c and overlap with other viral pneumonia, such as seasonal and avian
in�uenza, and SARS.(14, 15) Additionally, Chung et al found that three of twenty-one initial CT chest of COVID–
19 patients showed no ground glass or consolidative opacity.(16) Our study showed that CXR was clinically
useful in its ability to re�ect disease severity and prognosticate oxygen supplementation without the need for
transfer to the imaging department for CT scan.

Huang et al found higher levels of in�ammatory cytokines in patients requiring ICU admission versus the non-ICU
group.(10) While the pathogenesis of pneumonia in COVID–19 is not well understood, this suggested that a
‘cytokine storm’ triggered by the virus resulted in lung in�ammation and parenchymal damage similar to SARS.
(12) Higher LDH and lower lymphocyte count were observed in patients requiring ICU versus no ICU.(10, 11) Our
data showed higher CRP in patients needing oxygen versus those who did not. We found that maximum CRS
correlated well with maximum LDH (r =.873) and CRP (r =.832), and inversely correlated with lymphocyte count (r
= -.662) and oxygen saturation (r = -.849). In a study on patients with SARS, Ooi et al found that their maximal
radiographic score correlated inversely with oxygen saturation.(14)

In our study, maximum CRS was signi�cantly different between patients with or without supplemental oxygen,
suggesting CRS may be a useful marker of disease severity. We found that an increase of ≥2 points in CRS and
a CRS score of ≥5.5 had good sensitivity and negative predictive value (sensitivity 100% and 80%, and negative
predictive value 100% and 91% respectively) in identifying patients needing supplemental oxygen.

Notably, applying the CRS score cut-off of ≥5.5 on a second validation cohort of twenty patients was important.
Our �ndings in this cohort attested to the high sensitivity (100%) of using the CRS, in predicting the need for
supplemental oxygen. Interestingly, serum CRP ≥26.95 mg/L and a low lymphocyte count <0.74 remained highly
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sensitive too. In practice, the CXR is simple and immediately available for viewing while blood investigations take
time, making it useful to screen for high-risk individuals who require intensive monitoring and oxygen therapy.

There are several limitations to our pilot study: (a) Small sample size. Despite that, the results of our validation
cohort paralleled closely that of the initial derivation cohort. (b) There were differences in CXR frequency across
the four hospitals. To ensure meaningful analysis of the predictive value of CXR, we speci�cally excluded CXR
performed on the same day as oxygen supplementation. In doing so, we were not able to assess �ve out of six of
the patients (all of whom had CRS ≥5.5 [median 15, 9–24]) in the validation cohort. (c) Patients were followed
up for a minimum of 7 days, not to discharge or death in this early part of the epidemic; hitherto there was no
death among the Singapore cohort. To minimize subjectivity, a common problem with CXR interpretation, we
adopted CRS as an objective scoring method. Ongoing work is taking place to combine CRS with laboratory
markers (CRP and LDH) in a larger sample of COVID–19 patients. Work on convoluted neural networks (arti�cial
intelligence) for detecting COVID–19 pneumonia with CXR has started. Arti�cial intelligence has the potential to
reliably provide an objective assessment in the setting of COVID–19 and allow immediate segregation of
patients with CXR abnormality from others seeking care, while awaiting veri�cation by a radiologist.

In conclusion, the degree of CXR abnormalities graded using CRS correlates closely with known markers of
disease severity in COVID–19. CRS may be further applied to predict patients who require oxygen
supplementation during the course of their disease.
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  Derivation
(n=20)

Validation
(n=20)

    Needed Supplemental
Oxygen

  Needed Supplemental
Oxygen

Variable Total Yes=7 No=13 Total Yes=6 No=14
Age (years),
median (95%CI)

47.5 (38.0,
56.0)

57.0 (47.0,
74.0)*

38.0 (32.0,
56.0)*

49.5
(40.0  54.0)

53 (41.0, 71.0) 43.5 (35.0,
55.0)

Gender, n            
Male 10 3 7 13 6 7
Female 10 4 6 7 0 7
Smoker, n 8 3 5 1 0 1
Co-morbidities, n 4 3 1 3 2 4
Days from
symptom onset to
admission, median
(95%CI)

1.0 (1.0,
3.0)

1.0 (0.0,
9.0)

1.0 (1.0, 3.0) 4 (2.0,
8.0)

8 (1, 9) 4 (1,
10)

Presenting
symptoms, n

           

Fever 15 7 8 12 6* 6*
Cough 16 6 10 14 4 10
Sputum
production

6 2 4 5 2 3

Shortness of
breath

2 1 1 7 3 4

Running nose 1 0 1 4 2 2
Sore throat 11 3 8 5 1 4
Diarrhea 3 0 3 3 2 1
Vital signs            
Temperature (oC),
median (95%CI)

37.9 (37.1,
38.4)

37.7 (36.1,
39.3)

38.3 (36.8,
38.6)

37.7 (36.9,
38.4)

38.7 (37.7,
39.1)*

37.2 (36.3,
38.2)*

Mean arterial
pressure (mmHg),
median (95%CI)

93.3 (81.,
102.3)

91.3 (78.3,
105.7)

93.5 (79.0,
102.3)

94.8 (91.0,
103.0)

98.3 (83.0,
139.0)

94.5 (88.3,
103.7)

Heart rate (beats
per minute),
median (95%CI)

93.0 (84.0,
100.0)

88.0 (78.0,
102.0)

99.0 (84.0,
101.0)

97 (83.0,
106.0)

108 (85.0,
133.0)

90.5 (67.0,
106.0)

Respiratory rate
(breaths per
minute), median
(95%CI)

18.0 (17.0,
20.0)

20.0 (16.0,
21.0)

18.0 (17.0,
18.0)

18 (18.0,
19.0)

19 (17, 24) 18 (17, 19)

Oxygen saturation
(%), median
(95%CI)

98.0
(97.0  98.0)

97.0 (95.0,
100.0)

98.0 (97.0,
100.0)

98 (96.0,
99.0)

95.5 (93-100) 98.5 (96-100)

Oxygen
supplementation,
n

2 2 0 5 5* 0*

Laboratory data            
Total white count
x109/L, median
(95%CI)

4.6 (3.8,
5.5)

3.8 (2.6,
10.4)

4.6 (4.0, 5.7) 4.5 (4.0,
5.2)

4.4 (3.5, 9.6) 4.5 (3.9, 5.4)

Hemoglobin
(g/dL), median
(95%CI)

13.5 (12.8,
14.0)

13.3 (11.7,
14.0)

13.9 (11.8,
15.6)

14.3 (13.2,
14.9)

13.6 (11.6,
14.5)

14.6 (12.9,
15.3)

Platelet count
x109/L, median
(95%CI)

159.0 (132.0,
184.0)

160.0 (116.0,
217.0)

159.0 (129.0,
184.0)

207 (164.0,
261.0)

189.5 (147.0,
301.0)

207.0 (148.0,
275.0)

Neutrophil count
x109/L, median
(95%CI)

2.7 (2.1,
3.7)

2.1 (1.2,
9.8)

2.8 (2.2, 4.1) 2.6 (2.1,
3.1)

3.2 (2.8, 8.7)* 2.2 (1.4, 3.1

Lymphocyte count
x109/L, median
(95%CI)

1.1 (0.8,
1.4)

1.1 (0.4,
1.7)

1.2 (0.8, 1.4) 1.2 (0.8,
1.8)

0.6 (0.5, 0.9)* 1.5 (0.9, 2.1) *

Creatinine
(μmol/L), median
(95%CI)

66.5 (50.0,
75.0)

66.0 (50.0,
78.0)

67.0 (44.0,
84.0)

59.5 (55.0,
64.0)

56.5 (41.0,
61.0)

62.0 (50.0,
78.0)

C-reactive protein
(mg/L), median
(95%CI)

18.3 (8.5,
67.4)

67.4 (47.5,
199.6)*

11.6 (1.5,
17.5)*

13.2 (2.5,
68.7)

125.6 (56.0,
231.7)*

7.3 (7.3, 1.3,
18.0) *

Lactate
dehydrogenase
(unit/L), median
(95%CI)

487.5 (387.0,
629.0)

550.0 (512.0,
796.0)

432.0 (359.0,
629.0)

386 (352.0,
481.0)

515.0 (371.0,
655.0)*

373.5 (301.0,
447.0) *

Chest X-ray            
Abnormality
detected on
admission, n

10 5 5 14 5 9

Initial CRS,
median (95%CI)

1.0 (0.0,
4.0)

7.0 (0.0,
19.0)

0.0 (0.0, 4.0) 2 (0.0,
9.0)

15 (0, 24)* 1 (0, 5) *

Initial CRS ≥5 5 4* 1* 8 5* 3*
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* Denotes statistically signi�cant differences between patients with and without supplemental oxygen for both
derivation and validation cohorts. P-value of <.05 is considered statistically signi�cant.

 
 

Table 2: COVID-19 Radiographic Scores and known severity markers for patients with COVID-19
  Derivation

(n=20)
Validation
(n=20)

  Needed
Supplemental
Oxygen

Needed Supplemental
Oxygen

Variable Yes=7 No=13 Yes=6 No=14
COVID-19 Radiographic Score (CRS)        
Initial CRS, median (95%CI) 7.0 (0.0,

19.0)
0.0 (0.0,
4.0)

15 (0, 24) * 1 (0, 5) *

Maximum CRS, median (95%CI) 23 (13.0,
44.0) *

0 (0.0,
10.0) *

24.5 (21.0, 48.0)
*

2 (0.0, 6.0) *

Laboratory data        
Maximum CRP (mg/L), median (95%CI) 157.7

(73.2,
279.1) *

11.6 (2.2,
18.0) *

152.9 (60.5,
341.9) *

7.4 (01.3, 28.8)
*

Maximum LDH (unit/L), median (95%CI) 796.0
(631.0,
932.0) *

432.0
(387.0,
520.0) *

877.5 (622.0,
1460.0) *

403.5 (339.0,
651.0) *

Lowest lymphocyte count x109/L, median
(95%CI)

0.5 (0.4,
1.3) *

1.0 (0.8,
1.4) *

0.44 (0.38, 0.58)
*

1.26 (0.91,
2.06) *

 
* Denotes statistically significant differences between patients with and without
supplemental oxygen in both derivation and validation cohorts. P-value of <.05 is considered
statistically significant.

Abbreviations: CRS, COVID-19 Radiographic Score; IQR, interquartile range; CRP, C-reactive
protein; LDH, Lactate dehydrogenase

Table 3. Cut-off values for change in CRS, CRS, CRP, LDH and lymphocyte count for predicting the need for

supplemental oxygen, and associated sensitivity, specificity, positive and negative predictive values (derivation cohort).
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  Supplemental
oxygen

Sensitivity
(95%CI)

Specificity
(95%CI)

PPV
(95%CI)

NPV (95%CI)

  Yes=7 No=13        
Change in CRS     100.0

(100.0,
100.0)

83.3 (65.1,
100.0)

66.7
(43.6,
89.8)

100.0 (100.0,
100.0)

≥2 4 2        
<2 0 10        
CRS     80.0 (61.5,

98.5)
76.9 (57.5,
96.4)

57.1
(34.3,
80.0)

90.9 (77.6,
100.0)

≥5.5 4 3        
<5.5 1 10        
Serum CRP (mg/L)     100.0

(100.0,
100.0)

88.9 (71.8,
100.0)

80.0
(58.3,
100.0)

100.0 (100.0,
100.0)

≥26.95 4 1        
<26.95 0 8        
Serum LDH (U/L)     75.0 (51.5,

98.5)
77.8 (55.2,
100.0)

60.0
(33.4,
86.6)

87.5 (69.5,
100.0)

≥487.5 3 2        
<487.5 1 7        

Lymphocyte
count x109/L

    92.3 (80.0,
100.0)

80.0 (61.2,
98.5)

92.3
(80.0,
100.0)

80.0 (61.5,
98.5)

<0.74 4 1        
≥0.74 1 12        

Abbreviations: PPV, Positive predictive value; NPV, Negative predictive value; CRS, COVID-19
Radiographic Score; CI, Confidence Interval; CRP, C-reactive protein; LDH, Lactate dehydrogenase

Figures
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Figure 1

How COVID-19 Radiographic Score (CRS) was calculated in a 47-year-old female with COVID-19 infection. Right
upper zone (RUZ) was graded 0 (no opacity), right middle zone (RMZ) was graded 2 (25-49% opacity) with grade
1 density, right lower zone was graded 4 (>75% opacity) with grade 2 (moderate) density, left upper zone (LUZ)
was graded no opacity, left middle zone (LMZ) was graded 2 (25-49% opacity) with grade 2 (moderate) density,
left lower zone was graded 3 (50-74% opacity) with grade 2 (moderate) density. A CRS of 20 (0+2+8+0+4+6) was
obtained. The patient’s SpO2 was 92% on room-air.
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Figure 2

Scatterplot diagrams illustrate relationships between maximum COVID-19 Radiographic Score and (A) Maximum
CRP, (B) Maximum LDH, (C) Lowest lymphocyte count and (D) Lowest oxygen saturation. Abbreviations: CRP, C-
reactive protein; LDH, Lactate dehydrogenase
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Figure 3

Accuracy of predicting the need for supplemental oxygen by receiver operating curve analysis for (A) Change in
CRS, (B) CRS, (C) C-reactive protein, (D) Lactate dehydrogenase and (E) Lymphocyte count. Abbreviations:
COVID-19 Radiographic Score; AUROC, Area under receiver operating curve; CRP, C-reactive protein; LDH, Lactate
dehydrogenase
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