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1  | INTRODUC TION

The existence of a new Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS- CoV- 2) was first reported in China and later 
spread throughout the world straining the health systems of many 
countries.1 The viral pneumonia associated with SARS- CoV- 2 has 

been officially named Coronavirus disease 2019 (COVID- 19).2 
During the pandemic period, difficulties were experienced in the 
provision of health services because of excessive patient admissions 
in hospitals and emergency departments (EDs).

In the first reports, it was stated that ~25% of patients required 
an intensive care unit (ICU).3 Mortality in hospitalised COVID- 19 
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Abstract
Background: In the COVID- 19 pandemic, difficulties have been experienced in the 
provision of healthcare services because of excessive patient admissions to hospitals 
and emergency departments. It has become important to use clear and objective 
criteria	 for	 the	 early	 diagnosis	 of	 patients	with	 high-	risk	 classification	 and	 clinical	
worsening	risk.
Objective: The aim of this study was to assess the prognostic accuracy of CURB- 65, 
ISARIC- 4C and COVID- GRAM scores in patients hospitalised for COVID- 19 and to 
compare the scoring systems in terms of predicting in- hospital mortality and inten-
sive care unit requirement.
Methods: The	 files	of	 all	COVID-	19	patients	over	 the	age	of	18	who	were	admit-
ted to the emergency department and hospitalised between September 1, 2020 and 
December 1, 2020 were retrospectively scanned. The area under the receiver oper-
ating characteristic curve and Youden J Index were used to compare scoring systems 
for predicting in- hospital mortality and intensive care requirement.
Results: There	were	481	patients	included	in	this	study.	The	median	age	of	the	patients	
was 67 (52- 79). In terms of in- hospital mortality, the AUC of CURB- 65, ISARIC- 4C and 
COVID-	GRAM	were	0.846,	0.784	and	0.701	respectively.	In	terms	of	intensive	care	
requirement,	the	AUC	of	CURB-	65,	ISARIC-	4C	and	COVID-	GRAM	were	0.898,	0.797	
and	0.684	respectively.	In	our	study,	Youden's	J	indexes	of	CURB-	65,	ISARIC-	4C	and	
COVID- GRAM scores were found to be 0.59, 0.27 and 0.01 respectively, for mortal-
ity	prediction	of	COVID-	19	patients.	Whereas	Youden's	J	indexes	were	found	to	be	
0.63, 0.26 and 0.01 respectively for determining intensive care requirement.
Conclusions: Among the scoring systems assessed, CURB- 65 score had better per-
formance in predicting in- hospital mortality and ICU requirement in COVID- 19 pa-
tients.	ISARIC-	4C	has	been	found	successful	in	identifying	low-	risk	patients	and	the	
use	of	the	ISARIC-	4C	score	with	CURB-	65	increases	the	accuracy	of	risk	assessment.
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patients is related to acute respiratory failure, especially in those 
with comorbidities.4- 6

It	 is	 important	to	use	clear	and	objective	criteria	for	risk	strati-
fication	and	for	early	diagnosis	of	patients	who	are	at	a	high	risk	of	
clinical worsening. Scoring systems used for this purpose are valu-
able tools that help clinicians predict outcomes and guide treatment- 
related decisions.7 Among these scoring systems, the CURB- 65 
score has been developed as a clinical prediction rule suitable for 
use in the ED. In addition, this score is used to predict the progno-
sis of patients using variables that can be easily measured during 
the initial evaluation.8 It has been reported that this score, which 
is widely used for pneumonia patients, also has a strong predictive 
value in COVID- 19 patients.9 Scoring systems that are specific to 
COVID- 19 patients have also been developed. Among these, the 
Acute Respiratory Infection Consortium Clinical Characterization 
Protocol- Coronavirus Clinical Characterization Consortium 
(ISARIC- 4C) score is derived from a prospective observational co-
hort study based on COVID- 19 patients admitted to 260 hospitals 
in England, Scotland and Wales and provides information about the 
prognosis of patients.10 According to this scoring system, it has been 
reported	that	patients	in	the	low	risk	group	(mortality	rate	1%)	can	
be followed on an outpatient basis, while patients in the medium 
risk	group	(mortality	rate	10%)	should	be	admitted	to	the	hospital.10 
Similarly, the purpose of the COVID- GRAM score is to help predic-
tion	of	 the	COVID-	19	patients'	 risk	 rate	 for	critical	 illness.11 It has 
been suggested that monitorised follow- up of patients in the low- 
risk	group	for	critical	illness	will	be	sufficient,	and	that	patients	in	the	
high-	risk	group	should	receive	more	aggressive	treatment.11

The aim of this study was to determine the prognostic accuracy 
of CURB- 65, ISARIC- 4C and COVID- GRAM scores in patients hos-
pitalised for COVID- 19 and to compare the scores with each other 
in this regard.

2  | MATERIAL S AND METHODS

2.1 | Study design and settings

This retrospective observational study was carried out in the ED 
of	Kartal	Dr	Lütfi	Kırdar	City	Hospital	between	September	1,	2020	
and December 1, 2020. The institutional review board approved the 
analysis and issued a waiver of consent (Ethics Committee Ruling 
number: 514/196/24).

The Hospital, which is in the east of the Istanbul, is a centre that 
diagnoses and treats ~3 million patients annually with a capacity 
of 971 inpatient units (IU) and 224 intensive care units (ICU). From 
March 11, 2020— the first seen case of COVID- 19 in the country— 
until	March	2021,	322	390	outpatients,	7015	IU	patients	and	1286	
ICU patients of COVID- 19 have diagnosed and treated in this hos-
pital.	Throughout	the	pandemic,	38	of	the	86	beds	in	the	ED	of	the	
hospital were reserved for COVID- 19 patients. During the period in-
cluded	in	the	study,	45	428	patients	were	diagnosed	with	COVID-	19	
by reverse transcriptase- polymerase chain reaction (RT- PCR). 

During	this	period,	359	patients	were	hospitalised	in	ICU	and	1958	
patients were hospitalised in IU because of COVID- 19.

The guideline used in determining the ICU requirement of 
patients in the hospital where the study was conducted is the 
“COVID- 19 Diagnosis and Treatment Guide” published by the 
Ministry of Health (Table S1).12

Typical thoracic computed tomography (CT) findings for 
COVID- 19 were recorded according to CT features previously de-
scribed for COVID- 19.13

2.2 | Selection of participants

All	COVID-	19	patients	over	the	age	of	18	who	were	hospitalised	be-
tween September 1, 2020 and December 1, 2020 were included in 
this study. The diagnosis of COVID- 19 was determined based on the 
World Health Organization (WHO) guidelines. This study includes 
only patients who had positive results in the real- time RT- PCR test 
of nasal and pharyngeal swab samples.14 The digital records of the 
Hospital Information Management System (HIMS) was used to col-
lect data. Vital parameters and symptoms at the time of first ad-
mission	and	 laboratory	tests	performed	 in	the	ED	were	also	taken	
into consideration. The patients, whose variables for the CURB- 65, 
ISARIC- 4C and COVID- GRAM scores that could not be reached, 
were not included in this study (Table S2). Additionally, patients who 
needed CPR in the ED, who died in the ED and who were pregnant 
were not included in this study.

2.3 | Measurements

For the patients who were included in this study, their age; gender; 
CT findings; symptoms; Glasgow coma scale (GCS) score; chronic 

What’s known

The prognostic value of COVID- GRAM and ISARIC- 4C 
scores in COVID- 19 patients have been studied separately 
in the literature. However, when examining the prognostic 
values of these scores in studies, generally only compari-
sons were made with the AUC value. In addition, false posi-
tive and false negative cases were not perscrutated.

What’s new

When calculating AUC with ROC analysis, converting the 
risk	 ranking	 of	 scoring	 systems	 to	 3-	stage	 (low-	medium-	
high	 risk)	 and	 then	 comparing	 their	AUC	values	will	 give	
more	 accurate	 results.	 We	 think	 that	 comparing	 these	
COVID- 19 scoring systems with a widely used and vali-
dated scoring system such as CURB- 65 will contribute to 
the literature.
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diseases; vital signs including body temperature (Temp), heart rate 
(HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), 
respiratory rate (RR), peripheral oxygen saturation (spO2); and lab-
oratory tests including white blood cell (WBC), neutrophile (Neu), 
lymphocyte (Lym), C- reactive protein (CRP), lactate dehydrogenase 
(LDH), urea, direct bilirubin (D Bil.) were recorded on a form. All pa-
rameters evaluated for the calculation of points for the scores were 
obtained from HIMS electronic records. A trained physician, blind 
to the purpose and outcomes of the study, recorded the demo-
graphic characteristics and parameters used in the study with using 
a	standard	template.	The	second	author	recorded	the	patients'	out-
comes. Before data analysis, the first author performed merging and 

checking	of	datasets.	Patients	with	missing	data	were	excluded	by	
the first author.

2.4 | Outcomes

The	patient's	hospitalisation	outcome,	ie	survivor	and	non-	survivor	
groups, represent in- hospital mortality. The primary outcome was 
to determine the diagnostic accuracy of each scoring system for 
in-	hospital	 mortality.	 The	 patient's	 ED	 outcome,	 that	 is,	 IU	 and	
ICU groups, represents the first unit where the patient is hospital-
ised from the ED. The secondary outcome was to determine the 

TA B L E  1   Comorbodities and categorical descreptives of the study population

Variable Category

Mortality groups Intensive Care requirement groups

Survivors (n = 361) Non- Survivors (n = 120) Sig. IU (n = 396) ICU (n = 85) Sig.

n %a  n %a  P n %a  n %a  P

Sex Male 189 74.1 66 25.9 .615 204 80.0 51 20.0 .155

Female 172 76.1 54 23.9 192 85.0 34 15.0

COPD No 344 75.8 110 24.2 .135 377 83.0 77 17.0 .094

Yes 17 63.0 10 37.0 19 70.4 8 29.6

Astma No 341 74.6 116 25.4 .336 374 81.8 83 18.2 .219

Yes 20 83.3 4 16.7 22 91.7 2 8.3

DM No 270 75.0 90 25.0 .964 295 81.9 65 18.1 .703

Yes 91 75.2 30 24.8 101 83.5 20 16.5

HT No 248 75.8 79 24.2 .560 266 81.3 61 18.7 .410

Yes 113 73.4 41 26.6 130 84.4 24 15.6

CHF No 346 76.7 105 23.3 .001 378 83.8 73 16.2 .001

Yes 15 50 15 50 18 60 12 40

CAD No 330 75.7 106 24.3 .316 364 83.5 72 16.5 .038

Yes 31 68.9 14 31.1 32 71.1 13 28.9

CRF No 348 77.7 100 22.3 <.001 372 83.0 76 17.0 .134

Yes 13 39.4 20 60.6 24 72.7 9 27.3

Malignancy No 350 76.3 109 23.7 .005 378 82.4 81 17.6 .949

Yes 11 50.0 11 50.0 18 81.8 4 18.2

CND No 350 76.1 110 23.9 .014 382 83.0 78 17.0 .054

Yes 11 52.4 10 47.6 14 66.7 7 33.3

A &D No 351 76.8 106 23.2 <.001 379 82.9 78 17.1 .130

Yes 10 41.7 14 58.3 17 70.8 7 29.2

Dyspnea No 225 85.9 37 14.1 <.001 240 91.6 22 8.4 <.001

Yes 136 62.1 83 37.9 156 71.2 63 28.8

CT finding No 116 96.7 4 3.3 <.001 120 100 0 0.0 <.001

Yes 245 67.9 116 32.1 276 76.5 85 23.5

UNC Normal 354 79.4 92 20.6 <.001 388 87 58 13 <.001

Altered 7 20 28 80 8 22.9 27 77.1

Abbreviations: A & D, alzheimer and/or demencia; CAD, coronary artery disease; CHF, congestive heart failure; CND, chronic neurological disease; 
COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; CT, computed tomography; DM, diabetes mellitus; HT, hypertension; ICU, 
intensive care unit; IU, inpatient unit; Sig, asymptotic 2- sided significance between groups with chi- square test; UNC, unconsciousness.
aThe percentages of patients falling into groups according to the variables were calculated as the percentage of the rows.
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diagnostic accuracy of each scoring system for ICU requirement. 
Outcomes were retrospectively assessed by reviewing the hospital 
medical database.

2.5 | Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics (IBM 
Corp. Released 2020. IBM SPSS Statistics for Windows, Version 
26.0.	Armonk,	NY)	and	MedCalc	Statistical	Software	version	19.0.6	
(MedCalc Software bvba, Ostend, Belgium; https://www.medca 
lc.org; 2019). To examine the relationship between the groups 
and the scoring systems, normality was tested with Kolmogorov– 
Smirnov test firstly. None of the age, scoring system points, vital 
parameters or laboratory data could meet the normality assump-
tion. The population distribution of the in- hospital mortality and 
ICU requirement groups for the points of the scoring systems is 
presented in Figure 3.

CURB- 65 and ISARIC- 4C scores of the patients were determined 
according to the points they received from each category (Table S1). 

First,	 the	COVID-	GRAM	 risk	 score	was	 determined	 using	 the	 fol-
lowing formula, “α = (CT abnormality × 1.2205) + (Age × 0.0276) + 
(Hemoptysis × 1.5116) + (Dyspnea × 0.632) + (Unconsciousness × 
1.5494) + (Number of comorbidities ×	0.4668)	+ (Cancer history × 
1.4037) + (Neutrophil- to- lymphocyte ratio × 0.0562) + (Lactate de-
hydrogenase × 0.0024) + (Direct bilirubin ×	0.1376)	−	6.6127.”	Then	
the	risk	rate	was	calculated	using	the	formula,	“COVID-	GRAM	risk	
rate (%) = eα/(1 + eα).”11

Comparisons of mortality and ICU groups were analysed using 
Mann– Whitney U test for numerical data and chi- square test for cat-
egorical data. Numerical data were reported as medians and inter-
quartile ranges (25th- 75th), while categorical data were reported as 
frequencies and percentages (Tables 1 and 2).

Among the scoring systems, the COVID- GRAM score is divided 
into	 three	 risk	 groups,	 ISARIC-	4C	 into	 four	 risk	 groups	 and	 the	
CURB-	65	into	five	risk	groups.	When	comparing	the	scores,	all	three	
were	standardised	into	three	risk	groups	as	low,	medium	and	high.	
Based on the literature, this was done to avoid being unstandardised 
because of the different number of groupings.10,11,15,16 They were 
organised	with	three	risk	thresholds:	for	COVID-	GRAM	low	(<1.7%), 

TA B L E  2   Descriptive statistics for age, vital parameter, laboratory measurements and critically illness prediction scores of the groups

Mortality groups ICU requirement groups

Variable
All patients  
(n = 481) Survivor (n = 361)

Non- survivor  
(n = 120) P IU (n = 396) ICU (n = 85) P

Age, median (25th- 75th)

Age 67 (52- 79) 63 (49- 76) 75	(66-	82) <.001 64	(50-	78) 75	(65.50-	81) <.001

Critically illness prediction scores, median (25th- 75th)

CURB- 65 (0- 5) 1.00 (0.00- 2.00) 1.00 (0.00- 2.00) 2.00 (2.00- 3.00) <.001 1.00 (0.00- 2.00) 3.00 (2.00- 3.00) <.001

ISARIC- 4C (0- 21) 8.00	(4.00-	11.00) 6.00 (3.00- 9.50) 13.00 (11.00- 15.75) <.001 7.00 (3.00- 10.00) 14.00 (11.50- 16.00) <.001

COVID- GRAM 
(0- 100)

66.02 (30.11- 94.60) 47.2	(22.39-	80.99) 97.20	(84.05-	99.81) <.001 51.25	(24.29-	83.74) 98.39	(86.15-	99.94) <.001

Vital signs and GCS, median (25th- 75th)

SBP (mmHg) 120	(110-	138) 120	(110-	138) 120.5 (110- 137) .437 120	(110-	138) 126 (106- 139) .404

DBP (mmHg) 72	(66-	80) 73	(68-	80) 71	(65-	80) .114 71.5	(67-	80) 76	(63-	80) .672

HR (bpm) 87	(77-	98.50) 85	(75-	96) 95.50	(81-	106) <.001 85	(75-	96) 97	(85-	110) <.001

RR (bpm) 20 (16- 26) 18	(16-	22) 34 (24- 42) <.001 18	(16-	22) 40 (34- 44) <.001

Temp (℃) 36.70 (36.2- 37.2) 36.70 (36.20- 37.20) 36.70 (36.33- 37.40) .452 36.70 (36.20- 37.20) 37.00 (36.45- 37.45) .063

spO2 (%) 95 (90- 97) 96	(93-	98) 87	(81-	93.75) <.001 96	(93-	98) 85	(80-	87.50) <.001

GCS 15 (15- 15) 15 (15- 15) 15 (13.25- 15) <.001 15 (15- 15) 15 (13- 15) <.001

Laboratory measurements, median (25th- 75th)

WBC (103/μL) 6.50 (4.90- 9.35) 6.10	(4.70-	8.20) 8.45	(6.23-	12.83) <.001 6.20	(4.70-	8.30) 8.90	(6.45-	13.30) <.001

CRP (mg/L) 46.90 (14.3- 112.4) 30.5	(9.91-	86.55) 101 (57.1- 177.5) <.001 33.85	(11.53-	94.58) 106	(59.60-	181.0) <.001

Urea (mg/dL) 37 (27- 57) 33 (25- 46) 58	(38-	88) <.001 35 (26- 49.75) 58	(37-	89) <.001

LDH (U/L) 264 (193- 391) 256 (190- 356) 347 (220.3- 543.3) <.001 259 (190- 376.75) 364 (220.50- 567.50) <.001

D Bil. (μmol/L) 16.80	(11.49-	30.06) 14.14	(10.61-	23.87) 28.73	(16.80-	45.97) <.001 15.02 (10.61- 25.64) 30.06 (16.35- 51.71) <.001

NLR 4.50	(2.43-	8.57) 3.67 (2.13- 7.19) 8.13	(4.28-	13.72) <.001 3.85	(2.18-	7.41) 8.57	(5.72-	16.79) <.001

Abbreviations: CRP, c- reactive protein; D Bil., direct bilirubin; DBP, diastolic blood pressure; GCS, Glasgow coma scale;HR, heart rate; ICU, intensive care 
unit; IU, inpatient unit; LDH, lactat dehydrogenase; NLR, neutrophile- to- lymphocyte ratio; P, asymptotic 2- sided significance between groups with Mann 
Whitney U test; RR, respiratory rate; SBP, systolic blood pressure; spO2, blood oxygen saturation; Temp, body temperature; WBC, white blood cell.

https://www.medcalc.org
https://www.medcalc.org
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medium (1.7%- 40.4%), high (40.4%- 100%); for CURB- 65 low (0 and 
1),	medium	(2),	high	(3-	5);	and	for	ISARIC-	4C	low	(0-	3),	medium	(4-	8),	
high (9- 21).

To examine the accuracy of the diagnostic accuracy of the scor-
ing systems in detail, a receiver operating characteristic (ROC) anal-
ysis was performed and area under the curve (AUC) was calculated. 
Sensitivities,	 specificities,	 PPV,	 NPV	 and	 Youden's	 J	 indexes	 (YJI)	
were calculated at a criterion >1, as has been suggested with guide-
lines.15,16 YJI was calculated as well as AUC to assess the predictive 
accuracy of the scoring systems. Comparisons between the AUC val-
ues of the scoring systems were analyzed by the DeLong method.17 
A P < .05 was considered statistically significant.

3  | RESULTS

This	study	was	conducted	with	data	from	481	patients	after	applying	
the inclusion and exclusion criteria. In the groups compared in the 
study, there were 361 patients in the surviving group, 120 patients 

in	 the	 non-	surviving	 group,	 396	 patients	 in	 the	 IU	 group,	 and	 85	
patients in the ICU group. When the in- hospital mortality outcome 
was evaluated by gender, 54 women (45%) and 66 men (55%) died 
(Table 1).

The median age of the population included in the study was 67 
(52- 79). The median age of the survivor group was 63 (49- 76) and 
the	non-	survivor	group	was	75	(66-	82)	(Table	2).	Among	the	chronic	
diseases, there was a significant difference between the mortality 
groups for CHF (P = .001), CRF (<0.001), CND (P = .014), Alzheimer- 
dementia (P < .001) (Table 1). There was a significant difference 
between the ICU requirement groups for CHF (P = .001) and CAD 
(P =	 .038)	(Table	1).	A	significant	difference	was	observed	between	
both mortality and ICU requirement groups for dyspnea and typi-
cal CT findings (Table 1). Among vital signs, HR, RR, and spO2 were 
significantly different (P < .001) for both grouping methods, while 
there was no significant difference for SBP, DBP and Temp (Table 2). 
When the groups were compared according to the laboratory pa-
rameters, WBC, Neutrophil to lymphocyte ratio (NLR), Urea, LDH, 
Direct Bilirubin, CRP measurements used in scoring systems, there 

TA B L E  3   Prediction accuracy for Mortality and ICU requirement groups with CURB- 65, ISARIC- 4C and COVID- GRAM scores in 
COVID- 19 patients

Scores Risk levels
Survivor  
(n = 361)

Non- survivor 
(n = 120) Sens. Spec. PPV NPV AUC YJI

Prediction accuracy for mortality

CURB 65 Low 267 (93.7%) 18	(6.3%) 85 73.96 52.0 93.7 0.846	(0.810-	0.877)a  0.59

Med. 83	(65.9%) 43 (34.1%)

High 11 (15.7%) 59	(84.3%)

ISARIC 4C Low 102	(98.1%) 2 (1.9%) 98.33 28.25 31.3 98.1 0.784	(0.744-	0.820)a  0.27

Med. 137 (91.9%) 12	(8.1%)

High 122 (53.5%) 106 (46.5%)

COVID GRAM Low 3 (100%) 0 (0.0%) 100.00 0.83 25.1 100.0 0.701	(0.658-	0.742)a  0.01

Med. 151	(98.1%) 3 (1.9%)

High 207 (63.9%) 117 (36.1%)

Scores Risk levels IU (n = 396) ICU (n = 85) Sens. Spec. PPV NPV AUC YJI

Prediction accuracy for ICU requirement

CURB 65 Low 281	(97.9%) 6 (2.1%) 92.94 70.45 40.3 97.9 0.898	(0.867-	0.923)a  0.63

Med. 103	(81.7%) 23	(18.3%)

High 14 (20.0%) 56	(80.0%)

ISARIC 4C Low 104 (100%) 0 (0.0%) 100.0 26.26 22.5 100.0 0.797	(0.758-	0.832)a  0.26

Med. 147 (97.4%) 4 (2.6%)

High 147 (64.5%) 81	(35.5%)

COVID GRAM Low 3 (100.0%) 0 (0.0%) 100.0 0.76 17.8 100.0 0.684 (0.640- 0.725)a  0.01

Med. 154	(98.7%) 2 (1.3%)

High 241 (74.4%) 83	(25.6%)

Abbreviations: AUC, area under the curve; ICU, intensive care unit; IU, inpatient unit; Med., medium; NPV, negative predictive value; PPV, positive 
predictive	value;	Sens.,	sensitivity;	Spec.,	specificity;	YJI,	Youden's	J	Index.
a95% confidence interval.
*The p values of the AUC for both mortality and ICU requirement groups of all three scoring systems were calculated as "<.001". The Youden J Index 
is a significance measurement and does not generate a p- value.
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were significant differences (P < .001) for both grouping methods 
(Table 2). The data describing the study population are presented in 
Tables 1 and 2.

When the scoring systems were compared according to the 
groups with the Man Whitney U test, a statistically significant 
difference was observed between both the survivor- nonsurvivor 
groups and the IU- ICU groups for all three scoring systems  
(P < .001).

ROC analysis was performed to examine the diagnostic accu-
racy in predicting in- hospital mortality and ICU requirement. AUC 
values	 for	 in-	hospital	 mortality	 were	 calculated	 as	 0.846	 (0.810-	
0.877),	0.784	(0.744-	0.820)	and	0.701	(0.658-	0.742)	for	CURB-	65,	
ISARIC- 4C and COVID- GRAM respectively (Table 3). In terms of in- 
hospital mortality groups, a statistically significant difference was 
found between AUC values for all three possibilities of the paired 
comparisons of the COVID severity scores (P < .001). AUC values 
for	ICU	requirement	were	calculated	as	0.898	(0.867-	0.923),	0.797	
(0.758-	0.832)	and	0.684	(0.640-	0.725)	for	CURB-	65,	ISARIC-	4C	and	
COVID- GRAM respectively (Table 3). In terms of ICU requirement 
groups, a statistically significant difference was found between AUC 
values for all three possibilities of the paired comparisons of the 
COVID severity scores (P < .001).

Sensitivity, specificity, PPV, NPV and YJI values for in- hospital 
mortality	 were	 calculated	 as	 85%,	 73.96%,	 52%,	 93.7%,	 0.59	 for	
CURB-	65%,	 98.3%,	 28.25%,	 31.3%,	 98.1%,	 0.27	 for	 ISARIC-	4C,	
and	 100%,	 83%,	 25.1%,	 100%,	 0.01	 for	 COVID-	GRAM	 respec-
tively (Figure 1, Table 3). When comparing ICU requirement groups, 
sensitivity, specificity, PPV, NPV and YJI values were calculated as 
92.94%, 70.45%, 40.3%, 97.9%, 0.63 for CURB- 65%, 100%, 26.26%, 
22.5%,	100%,	0.26%,	0.27	for	ISARIC-	4C,	and	100%,	0.76%,	17.8%,	
100%, 0.01 for COVID- GRAM respectively (Figure 2, Table 3).

4  | DISCUSSION

Our study showed that the CURB- 65 score assessed on admission 
to the ED in COVID- 19 patients is more accurate than the COVID- 
GRAM and ISARIC- 4C scores in predicting ICU admission and 
in-	hospital	 mortality	 risk.	 Although	 the	 sensitivity	 of	 the	 COVID-	
GRAM score was higher than the CURB- 65 and ISARIC- 4C scores, 
the diagnostic accuracy of the CURB- 65 score was better than the 
other two scores.

Quick	and	accurate	identification	of	critically	ill	patients	ensures	
the appropriate and correct use of medical resources. Implementing 
scoring systems could facilitate more effective evaluation by ED 
physicians and ICU physicians in identifying critically ill patients.

In the early stages of the pandemic, there was no specific score 
for	COVID-	19,	for	this	reason,	known	scores	such	as	CURB-	65	were	
utilised.18 The CURB- 65 score has been used as a safe predictor of 
30- day mortality in patients with pneumonia for many years.8 It also 
helps	 clinicians	make	 the	 decision	 to	 admit	 or	 discharge	 such	 pa-
tients. Demir et al used the Pandemic Medical Early Warning Score 
(PMEWS), Simple Triage Scoring System (STSS) and CURB- 65 score 
in ED triage for patients with COVID- 19 pneumonia; it was reported 
that these 3 scores were successful in determining mortality, ICU 
admission and the need for mechanical ventilation.19 Recently, a 
study involving COVID- 19 patients in a hospital in Wuhan reported 
that	 CURB-	65	 had	 good	 performance	 (AUC	 0.81)	 in	 determining	
in- hospital mortality.20 In our study, the diagnostic performance of 
CURB-	65	(AUC	0.84)	for	mortality	shows	similarity	with	the	study	by	
Su	et	al	(AUC	0.85),	which	was	included	116	patients	with	COVID-	19	
and whose primary outcome criteria were respiratory or vasopressor 
support.21 These results are also consistent with other COVID- 19 
studies where mortality is the primary outcome.22,23

F I G U R E  1   ROC curves of CURB- 65, ISARIC- 4C and COVID- 
GRAM scores for mortality prediction in COVID- 19 patients

F I G U R E  2   ROC curves of CURB- 65, ISARIC- 4C and COVID- 
GRAM scores for ICU requirement in COVID- 19 patients
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CURB-	65	score	has	been	successful	in	predicting	low-	risk	as	well	
as	 high-	risk,	 as	 can	 be	 seen	 in	 Figure	 3A,D	 and	 in	Table	 3.	 For	 the	
low-	risk	patients,	the	numbers	of	false-	negative	cases	are	more	than	
ISARIC- 4C, but the numbers of true positive cases are ~2.7 times more 
than the ISARIC- 4C (Table 3). The majority of patients defined as the 
medium	 risk	 (65.9%-	81.7%)	with	CURB-	65	 are	 in	 the	 surviving	 and	
IU groups. The CURB- 65 score giving the lowest numbers of false- 
negative	cases	in	the	high-	risk	patients	is	the	reason	that	it	is	the	most	
successful	score	in	classifying	the	high-	risk	patients	correctly	(Figure	3,	
Table 3).

Recently, more than 22 specific scoring systems have been de-
veloped for COVID- 19.24 Liang et al developed and validated a com-
plex	 scoring	 system	 called	COVID-	GRAM,	 a	 clinical	 risk	 score	 for	
predicting the prognosis among hospitalised patients infected with 
COVID-	19.	The	performance	of	this	risk	score	was	satisfactory	in	the	
development and validation cohorts with certainty based on an AUC 
of	0.88.	However,	the	modest	sample	size	for	establishing	the	risk	
score and the relatively small sample for verification, constitute the 
limitations of this scoring system.11 In a retrospective study involv-
ing geriatric COVID- 19 patients, the National Early Warning Score 
(NEWS),	 COVID-	GRAM,	 ISARIC-	4C	 and	 quick	 COVID-	19	 Severity	
Index (qCSI) scores were compared with each other in terms of 

in- hospital mortality, and superiority of the scores to each other was 
not determined.25 In another study, NLR and COVID- GRAM were 
compared with each other in mortality prediction for COVID- 19 pa-
tients, and no difference was found between these two predictors 
(AUC of 0.65 and 0.66 respectively).26

As can be seen in Tables 3 and in Figure 3C,F, mortality and ICU 
requirement are very low in patients whose COVID- GRAM score is 
defined	as	 low-		and	medium	risk	 (Figure	3,	Table	3).	 In	 the	patients	
defined	 as	high	 risk,	 those	without	mortality	 or	 ICU	outcome	were	
predominated (63.9%- 74.4%). The COVID- GRAM score classified only 
three	patients	at	low	risk	in	our	study	population.	These	three	patients	
did not require ICU, and their outcome was not death. Therefore, the 
sensitivity of the COVID- GRAM score was found to be 100% (Figure 3, 
Table 3). For our study population, we can say that the COVID- GRAM 
score	is	insufficient	for	identifying	low-	risk	patients.	One	of	the	rea-
sons for this could be the high median age (67) of our study population. 
This is because in the COVID- GRAM score calculation— as can be seen 
from	the	COVID-	GRAM	risk	calculation	formula—	age	is	contributed	to	
the score by multiplying with a coefficient. For example, a 70- year- old 
person who does not have thoracic CT findings, is asymptomatic, does 
not have a comorbidity, and has normal laboratory values falls into the 
medium-	risk	class	with	a	risk	coefficient	of	3.3%.

F I G U R E  3   Distribution bar graphs of COVID- 19 severity scores classified according to mortality and ICU requirement– 
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Al Hassan et al reported that the CALL score and COVID- GRAM 
score were poor in the prediction of ICU admission or death, and 
these scores might not be useful in different populations.27 The me-
dian age of the patients in the development and validation cohorts of 
COVID-	GRAM	score	was	48.2,	while	the	median	age	of	the	patients	
in the study of Al Hassan et al was 73. This may explain the poor pre-
diction accuracy of the COVID- GRAM score in the study population 
of Al Hassan et al, and in ours.11,27

As can be seen in Table 3 and in Figure 3B,E, ISARIC- 4C score 
points	below	8	have	very	low	mortality	or	ICU	outcome.	The	fact	that	
only	4	(1.6%)	out	of	251	patients	defined	as	low	and	medium	risk	by	
the ISARIC- 4C score who were hospitalised ICU from the ED, shows 
the	success	of	ISARIC-	4C	in	determining	low	risk	(Figure	3,	Table	3).	
ISARIC- 4C did not show the same success in the patient population 
that	 it	 describes	 as	 high	 risk.	 The	 patients	 defined	 as	 high	 risk	 by	
ISARIC- 4C, who were 35.5% of the total, are in the IU group in terms 
of ICU requirement. When the same rate is evaluated in terms of in- 
hospital mortality, 53.5% of the patients are in the survivor group.

Using YJI in addition to sensitivity, specificity and AUC provides 
more reliable results when comparing the accuracy of the scoring 
systems.28 In our study, for the mortality prediction of COVID- 19 
patients, the YJI of CURB- 65, ISARIC- 4C and COVID- GRAM scores 
were	found	to	be	0.58,	0.27	and	0.01	respectively;	for	determining	
the ICU requirement, the YJI were found to be 0.64, 0.26 and 0.01 
respectively (Table 3).

CURB-	65	 is	a	most	well-	known,	 simple	 to	use	and	widely	vali-
dated scoring system that has proven its prognostic accuracy. The 
CURB- 65 score had the highest predictive accuracy also in our study 
population.

5  | LIMITATIONS

The sample size of this single centre study was relatively small. In 
retrospective studies, the study population is formed by conveni-
ence sampling methods, so it does not represent the general popula-
tion and may lead to selection bias. Therefore, more studies with a 
larger sample size are needed to confirm these results.

6  | CONCLUSIONS

Among the scores evaluated in our study, the CURB- 65 score had 
better performance than ISARIC- 4C and COVID- GRAM scores in 
predicting in- hospital mortality and ICU requirement in COVID- 19 
patients. Instead of COVID- GRAM score (which is more complex to 
calculate) we suggest that the CURB- 65 score (which has been vali-
dated and can be easily calculated) can also be used for COVID- 19 
patients.	Based	on	the	success	of	ISARIC-	4C	in	the	low-	risk	group,	
we believe that using CURB- 65 and ISARIC- 4C scores together will 
positively	affect	the	decision-	making	process	of	clinicians.
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