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Abstract
Purpose To externally validate four previously developed severity scores (i.e., CALL, CHOSEN,  HA2T2 and ANDC) in 
patients with COVID-19 hospitalised in a tertiary care centre in Switzerland.
Methods This observational analysis included adult patients with a real-time reverse-transcription polymerase chain reaction 
or rapid-antigen test confirmed severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) infection hospitalised 
consecutively at the Cantonal Hospital Aarau from February to December 2020. The primary endpoint was all-cause in-
hospital mortality. The secondary endpoint was disease progression, defined as needing invasive ventilation, ICU admission 
or death.
Results From 399 patients (mean age 66.6 years ± 13.4 SD, 68% males), we had complete data for calculating the CALL, 
CHOSEN,  HA2T2 and ANDC scores in 297, 380, 151 and 124 cases, respectively. Odds ratios for all four scores showed 
significant associations with mortality. The discriminative power of the  HA2T2 score was higher compared to CALL, CHO-
SEN and ANDC scores [area under the curve (AUC) 0.78 vs. 0.65, 0.69 and 0.66, respectively]. Negative predictive values 
(NPV) for mortality were high, particularly for the CALL score (≥ 6 points: 100%, ≥ 9 points: 95%). For disease progression, 
discriminative power was lower, with the CHOSEN score showing the best performance (AUC 0.66).
Conclusion In this external validation study, the four analysed scores had a lower performance compared to the original 
cohorts regarding prediction of mortality and disease progression. However, all scores were significantly associated with 
mortality and the NPV of the CALL and CHOSEN scores in particular allowed reliable identification of patients at low risk, 
making them suitable for outpatient management.
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Background

The coronavirus disease 2019 (COVID-19) pandemic, with 
its overwhelming resource use, has been a major challenge 
for clinicians and health care institutions worldwide. Iden-
tifying patients at high risk of disease progression may help 
allocating resources more efficiently. Since presentation and 
course of the infection can vary considerably (including 
asymptomatic cases), no single trait is sufficient to appro-
priately categorise patients [1–9]. Thus, several scores have 
attempted to improve identification of patients at high risk 
of progression or death of COVID-19. Among these scores, 
the CALL, CHOSEN,  HA2T2 and the ANDC score have 
generated much interest [10–13].
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The CALL score (Comorbidity, Age, Lactate dehydroge-
nase (LDH) and Lymphocyte count) showed great discrimi-
natory potential for disease progression with an area under 
the curve (AUC) of 0.91 (95%-CI 0.86–0.94) in its derivation 
cohort [10]. Disease progression was defined as respiratory 
rate ≥ 30 breaths per minute (bpm), peripheral oxygen satu-
ration  (SpO2) ≤ 93%, arterial partial oxygen pressure  (PaO2)/
fraction of inspired oxygen  (FiO2) ≤ 300 mmHg, mechanical 
ventilation or worsening of lung computer tomography (CT) 
findings [10]. The CHOSEN score used age,  FiO2 and albu-
min to predict progression defined as requiring supplemental 
oxygen, admission to the intensive care unit (ICU) or death 
[11]. The authors reported a good discriminative capacity for 
their score with an AUC of 0.89 (95%-CI 0.87–0.91) in their 
derivation and 0.87 (95%-CI 0.81–0.93) in their validation 
cohort [11]. The  HA2T2 score was used to predict all-cause 
in-hospital mortality in COVID-19 patients based on need 
for supplemental oxygen, age and troponin [12]. It showed 
good discriminative power in both their derivation (AUC 
0.83, 95%-CI 0.79–0.88) and their validation cohort (AUC 
0.78, 95%-CI 0.72–0.84) [12]. The ANDC score, based on 
age, neutrophil-to-lymphocyte ratio (NLR), d-dimer and 
C-reactive protein (CRP), predicted all-cause in-hospital 
mortality with an excellent AUC of 0.92 (95%-CI 0.84–0.97) 
in their derivation and 0.98 (95%-CI 0.95–1.00) in their vali-
dation cohort [13].

So far, only the CALL score has undergone external vali-
dation, with the score performing markedly worse than in 
the original cohort (AUC 0.62 vs. 0.91) [14]. Thus, before 
wide-spread implementation, independent external valida-
tion of all these scores is mandatory. Herein, we validated 
four severity scores (i.e., the CALL, CHOSEN,  HA2T2 and 
ANDC scores) in patients with COVID-19 hospitalised in a 
tertiary care centre in Switzerland.

Methods

Study design and participants

This retrospective observational analysis included all con-
secutive adult patients (≥ 18 years) with a confirmed Severe 
Acute Respiratory Syndrome Corona Virus type 2 (SARS-
CoV-2) infection that required hospitalisation for at least 
24 h at the Medical University Clinic of the Cantonal Hos-
pital Aarau (Switzerland) between February 26, 2020 and 
April 30, 2020 (first wave) and between October 1, 2020 and 
December 31, 2020 (second wave). In this tertiary care cen-
tre with 130 medical ward beds, indications for in-hospital 
treatment of COVID-19 were respiratory distress with need 
for oxygen supplementation, high fever or relevant clinical 
deterioration. This study was approved by the local ethics 
committee (EKZN, 2020-01306).

Detailed description of the study methodology has been 
reported previously [6, 15]. A confirmed SARS-CoV-2 
infection was defined as a combination of typical clinical 
symptoms (e.g., respiratory symptoms with or without fever, 
and/or pulmonary infiltrates and/or anosmia/dysgeusia) and 
a positive real-time reverse-transcription polymerase chain 
reaction (RT-PCR) test, obtained from nasopharyngeal 
swabs or lower respiratory tract samples, according to guid-
ance by the World Health Organization (WHO) [16, 17]. 
Data for the second wave also included patients with posi-
tive rapid-antigen tests. However, due to their lower positive 
predictive value, we excluded asymptomatic patients unless 
their rapid-antigen results were confirmed by a positive RT-
PCR test. We further excluded patients from the analysis if 
they did not provide general informed consent or if they had 
not yet been discharged when data collection was closed 
(January 20, 2021). This study adheres to the transparent 
reporting of a multivariable prediction model for individual 
prognosis or diagnosis (TRIPOD) statement for reporting of 
prediction models.

Data collection

All analysed data were collected as part of the clinical rou-
tine during the hospitalisation (from admission to discharge 
or death). We performed chart reviews and automatic export 
from electronic health records (EHR), including vital signs 
and clinical characteristics upon admission as well as soci-
odemographic factors, comorbidities based on pre-existing 
diagnoses and home medication. COVID-19-specific inpa-
tient medication was assessed until hospital discharge or 
death and exported from the EHR. Experimental treatment 
was offered to all suitable patients according to ongoing 
clinical trials and WHO guidelines [16–18]. During the sec-
ond wave, this also included the application of high-dose 
glucocorticoids [19]. The age-adjusted Charlson comorbid-
ity index (ACCI) [20] and the Clinical Frailty Scale score 
(CFS) [21] were calculated for all patients as part of the 
clinical routine or through chart review. Laboratory values 
were available according to clinical routine and derived from 
the first blood draw obtained within 7 days from admission.

Definition of endpoints

All-cause in-hospital mortality was defined as the primary 
endpoint. The secondary endpoint, disease progression, had 
different definitions in the original studies. For easier com-
parability between the scores, we defined disease progres-
sion as needing invasive ventilation, ICU admission or death 
in our own analysis. Originally, the CALL score defined 
progression as respiratory rate ≥ 30 bpm,  SpO2 ≤ 93%,  PaO2/
FiO2 ≤ 300 mmHg, requiring mechanical ventilation or wors-
ening of lung CT findings. CT findings were not available 
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for our analysis and thus not considered. The definition of 
progression for the CHOSEN score was requirement of sup-
plemental oxygen, admission to the ICU or death. Validation 
results were based on these original definitions.

Statistical analysis

Discrete variables are expressed as frequency (percent-
age) and continuous variables as medians with interquar-
tile ranges (IQR, for skewed data) or mean with standard 
deviation (SD, for normally distributed data). We used the 
Wilcoxon rank-sum test to compare continuous variables 
and the Pearson's chi-squared test to compare categori-
cal or binary variables. Odds ratios (OR) were calculated 
with corresponding 95% confidence intervals (CI) as meas-
ures of association. We assessed calibration for mortality 
numerically by tabulating the observed risks against those 
reported in the original studies. These were not available for 
the CALL and CHOSEN scores. We considered a two-sided 
p-value of < 0.05 significant and calculated the unadjusted 
area under the receiver operating characteristic curve (AUC) 
as a measure of discrimination. Statistical analysis was per-
formed as a complete-case-analysis based on the original 
regression coefficients using Stata 15.1 (StataCorp, College 
Station, TX, USA).

Results

Figure  1 provides an overview of the study flow and 
Table 1 shows overall patient demographics, comorbidi-
ties, laboratory values and vital signs on admission as well 
as stratified according to the individual score cohorts. In 
total, 399 patients hospitalised with a confirmed SARS-
CoV-2 infection were included in this analysis (mean age 
66.6 years ± 13.4 SD, 68% male). Complete data sets to 
allow for the calculation of the CALL and CHOSEN score 
were available in 297 and 380 patients, respectively. Fewer 

patients had all values necessary to calculate the  HA2T2 
(n = 151) and ANDC score (n = 124). There were several 
noticeable differences between the score cohorts, for exam-
ple, transfer rates from other hospitals (range from 14.5% for 
ANDC to 28.5% for  HA2T2), supplemental oxygen (29.8% 
for CALL to 45.7% for  HA2T2), obesity (30.8% for CHO-
SEN to 41.7% for ANDC) and ICU admission (19.5% for 
CHOSEN to 46.4% for  HA2T2). However, overall comorbid-
ity and frailty were similar.

Table 2 shows the discriminative power of each score 
for mortality and disease progression (defined as requiring 
invasive ventilation, ICU admission or death for all scores 
for easier comparability). For mortality, the  HA2T2 per-
formed best (AUC 0.78, 95%-CI 0.70–0.85). For progres-
sion, overall discriminative capacity was lower, with the 
CHOSEN score performing slightly better than the others 
(AUC 0.66, 95%-CI 0.72–0.60). All scores were associated 
with mortality.

Sensitivity and specificity as well as positive and negative 
predictive value for each proposed cut-off are summarised 
in Table 3 and visualised in Fig. 2. The negative predictive 
value of the CALL score was highest (≥ 6 points: 100%, 
95%-CI 75.3–100), while the highest positive predictive 
value was found for the  HA2T2 score (≥ 3 points: 58.6%, 
95%-CI 38.9–76.5).

The direct comparison with the original outcomes can be 
found in Table 4. Only the  HA2T2 score performed similarly 
with an AUC of 0.78 (95%-CI 0.72–0.84) in the original 
validation cohort and an AUC of 0.78 (95%-CI 0.70–0.85) 
in our sample. The discriminative power for all other scores 
was markedly worse in comparison with their respective 
original cohorts. These results persisted when performed 
in the cohort with full data sets for all scores (n = 67, data 
not shown).

The calibration assessment for mortality for the  HA2T2 
and ANDC scores can be found in the additional files 1 and 
2 (Tables S1 and S2). Overall, calibration was poor, with 
the ANDC score performing slightly better (overprediction 

Fig. 1  Overview of study flow. In total, 399 patients were included in the final analysis, 67 of whom had complete data sets available



654 S. Wolfisberg et al.

1 3

Table 1  Baseline characteristics and treatment of patients hospitalised with confirmed SARS-CoV-2 infection

Factor Overall CALL CHOSEN HA2T2 ANDC

N 399 297 380 151 124
Pre-admission history
Age (years), mean (SD) 66.6 (13.4) 66.2 (13.0) 66.4 (13.4) 65.9 (12.4) 65.1 (12.6)
 ≥ 65 years 232 (58.1%) 167 (56.2%) 219 (57.6%) 84 (55.6%) 72 (58.1%)

Sex, male 271 (67.9%) 206 (69.4%) 260 (68.4%) 111 (73.5%) 90 (72.6%)
Transfer from other hospital 75 (18.8%) 46 (15.5%) 67 (17.6%) 43 (28.5%) 18 (14.5%)
Time from symptom onset to admission 

[days], median (IQR)
7 (4, 9) 7 (4, 9) 7 (4, 9) 7 (4, 9) 7 (4, 9)

Presentation to emergency department
Supplemental oxygen administered 103 (30.4%) 81 (29.8%) 96 (30.0%) 69 (45.7%) 43 (37.7%)
FiO2 (%), mean (SD) 65.6 (28.4) 68.2 (28.5) 64.6 (28.5) 68.4 (28.4) 72.9 (27.9)
SpO2 (%), median (IQR) 93.7 (89.4, 96.0) 93.1 (88.5, 95.7) 93.7 (89.4, 96.0) 92.7 (88.2, 95.0) 91.9 (86.9, 94.9)
Heart rate (bpm), mean (SD) 90 (18) 91 (19) 90 (18) 90 (21) 92 (18)
Respiratory rate (bpm), mean (SD) 21 (8) 21 (8) 21 (8) 21 (10) 21 (10)
Temperature (°C), mean (SD) 37.7 (1.0) 37.7 (1.0) 37.7 (1.0) 37.6 (0.9) 37.7 (0.9)
Laboratory values
Lymphocyte count  (103/mm3), median 

(IQR)
0.9 (0.6, 1.2) 0.9 (0.6, 1.2) 0.9 (0.6, 1.2) 0.8 (0.6, 1.2) 0.9 (0.7, 1.2)

Neutrophil–lymphocyte ratio, median (IQR) 5.8 (3.7, 10.4) 6.0 (3.6, 10.9) 5.8 (3.6, 10.3) 7.0 (4.5, 11.7) 6.4 (4.1, 11.1)
C-reactive protein (mg/L), median (IQR) 81.5 (33.8, 140.0) 89.8 (42.0, 145.0) 81.5 (36.7, 140.0) 89.5 (48.3, 152.0) 101.0 (61.9, 158.5)
Lactate dehydrogenase (IU/L), median 

(IQR)
322 (245, 449) 325 (250, 449) 325 (245, 449) 346 (268, 520) 333 (269, 452)

Albumin (g/L), median (IQR) 29.8 (26.8, 33.3) 29.8 (27.1, 33.2) 29.8 (26.8, 33.3) 29.3 (26.4, 32.7) 29.8 (27.1, 33.1)
d-dimer (mg/L), median (IQR) 1.0 (0.6, 1.6) 0.9 (0.6, 1.6) 1.0 (0.5, 1.6) 1.1 (0.6, 1.9) 1.0 (0.6, 1.6)
Troponin (ng/L), median (IQR) 18 (10, 55) 17 (9, 40) 17 (10, 48) 18 (9, 55) 16 (9, 31)
Comorbidities
ACCI, median (IQR) 3 (2, 5) 3 (2, 5) 3 (2, 5) 3 (2, 5) 3 (2, 4)
 ≥ 4 points 194 (48.6%) 137 (46.1%) 183 (48.2%) 67 (44.4%) 58 (46.8%)

CFS, median (IQR) 3 (2, 5) 3 (2, 4) 3 (2, 5) 3 (2, 4) 3 (2, 4)
 ≥ 4 points 142 (35.6%) 94 (31.6%) 136 (35.8%) 44 (29.1%) 29 (23.4%)

Smoker 34 (12.1%) 24 (11.0%) 33 (12.1%) 10 (9.9%) 10 (10%)
Obesity (BMI > 30 kg/m2) 119 (30.9%) 97 (33.7%) 113 (30.6%) 56 (38.6%) 50 (41.7%)
Diabetes mellitus 119 (29.8%) 88 (29.6%) 113 (29.7%) 54 (35.8%) 44 (35.5%)
Hypertension 237 (59.4%) 171 (57.6%) 225 (59.2%) 97 (64.2%) 80 (64.5%)
Coronary artery disease 82 (20.6%) 60 (20.2%) 75 (19.7%) 47 (31.1%) 28 (22.6%)
Chronic heart failure (LVEF < 40%) 11 (2.8%) 7 (2.4%) 11 (2.9%) 6 (4.0%) 3 (2.4%)
Bronchial asthma 26 (6.5%) 20 (6.7%) 26 (6.8%) 10 (6.6%) 5 (4.0%)
COPD 30 (7.5%) 19 (6.4%) 28 (7.4%) 11 (7.3%) 5 (4.0%)
OSAS 39 (9.8%) 31 (10.4%) 36 (9.5%) 21 (13.9%) 16 (12.9%)
Solid organ transplant 9 (2.3%) 6 (2.0%) 9 (2.4%) 2 (1.3%) 3 (2.4%)
Active rheumatic disease 12 (3.0%) 10 (3.4%) 10 (2.6%) 8 (5.3%) 2 (1.6%)
Cancer 46 (11.5%) 33 (11.1%) 46 (12.1%) 9 (6.0%) 12 (9.7%)
Chronic kidney disease 86 (21.6%) 59 (19.9%) 79 (20.8%) 36 (23.8%) 26 (21.0%)
SARS-CoV-2 infection treatment
Experimental (antiviral) treatment 71 (17.8%) 53 (17.8%) 66 (17.4%) 34 (22.5%) 23 (18.5%)
Antibiotic treatment 94 (23.6%) 71 (23.9%) 88 (23.2%) 47 (31.1%) 34 (27.4%)
High-dose glucocorticoids 258 (64.7%) 206 (69.4%) 245 (64.5%) 106 (70.2%) 106 (85.5%)
Outcomes
All-cause in-hospital mortality 80 (20.1%) 62 (20.9%) 77 (20.3%) 43 (28.5%) 33 (26.6%)
 Time to death (days), median (IQR) 9.0 (4.0, 17.0) 9.0 (4.0, 17.0) 9.0 (4.0, 17.0) 11.0 (5.0, 19.0) 10.0 (5.0, 19.0)
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up to 18 percentage points) than the  HA2T2 score (under-
prediction up to 30 percentage points). Calibration for the 
CALL and CHOSEN scores were not possible due to lacking 
published data.

Discussion

In this validation study, four currently available scores to 
predict mortality and disease progression in COVID-19 
patients performed markedly worse in patients hospital-
ised at a Swiss tertiary care centre than in their original 
cohorts. The  HA2T2 score showed the best discrimination 

for mortality (AUC 0.78, 95%-CI 0.70–0.85) and the only 
results similar to the derivation cohort.

Some loss of predictive ability can be explained by the 
differences between our study population and the original 
derivation cohorts. This is most apparent when compar-
ing age, which has been recognised as an important risk 
factor for worse outcomes [22] and is included in all four 
scores. Mean age ranged from 44 to 65 years for the CALL, 
CHOSEN,  HA2T2 and ANDC scores in the original publica-
tions whereas the mean age in our population was 67 years. 
However, even when comparing the scores among the 67 
patients who had all parameters required for all scores, the 
 HA2T2 score showed the best discriminative power (data not 

Table 1  (continued)

Factor Overall CALL CHOSEN HA2T2 ANDC

ICU admission 80 (20.1%) 67 (22.6%) 74 (19.5%) 70 (46.4%) 51 (41.1%)
 Time to ICU (days), median (IQR) 1.0 (0.0, 3.0) 0.5 (0.0, 3.5) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) 0.0 (0.0, 3.0)
 Invasive ventilation 57 (14.3%) 44 (14.8%) 51 (13.4%) 50 (33.1%) 31 (25.0%)

Disease  progressiona 129 (32.3%) 101 (34.0%) 120 (31.6%) 84 (55.6%) 61 (49.2%)
LOS (days), median (IQR) 7 (4.0, 12.0) 7.0 (4.0, 12.0) 6.5 (4.0, 12.0) 10.0 (5.0, 18.0) 8.5 (5.0, 13.5)
Discharge  statusb

 Home care 147 (36.8%) 88 (29.6%) 108 (28.4%) 48 (31.8%) 41 (33.1%)
 Rehabilitation care 115 (28.8%) 109 (36.7%) 141 (37.1%) 38 (25.2%) 40 (32.3%)
 Other hospital 43 (10.8%) 8 (2.7%) 12 (3.2%) 5 (3.3%) 2 (1.6%)
 Nursing facility 13 (3.3%) 29 (9.8%) 41 (10.8%) 17 (11.3%) 8 (6.5%)
 Unknown 1 (0.3%) 1 (0.3%) 1 (0.3%) n.a n.a

ACCI age-adjusted Charlson comorbidity index, BMI body mass index, bpm beats/breaths per minute, CFS clinical frailty scale, COPD chronic 
obstructive pulmonary disease, CRP C-reactive protein, FiO2 fraction of inspired oxygen, ICU intensive care unit, IQR interquartile range, LVEF 
left ventricular ejection fraction, n.a. not applicable, OSAS obstructive sleep apnoea syndrome, SARS-CoV-2 severe acute respiratory syndrome 
coronavirus type 2, SD standard deviation, SpO2 peripheral oxygen saturation
a Defined as invasive ventilation, ICU admission or death
b Other than death

Table 2  Score values stratified by survivorship with corresponding OR and AUC 

AUC  area under the curve, CI confidence interval, IQR interquartile range, OR odds ratio
a OR per point increase
b Defined as invasive ventilation, ICU admission or death
c More points = progression less likely

Score (range) Survivors Non-Survivors p-value ORa [95% CI], 
p-value

AUC [95% CI]

Mortality Mortality Progressionb

CALL (4–13 points) n (%) 235 (79%) 62 (21%) 1.30 [1.12–
1.50], < 0.01

0.65 [0.58–0.71] 0.59 [0.52–0.65]
Median (IQR) 10 (8, 12) 11.5 (10, 13) < 0.01

CHOSEN (0–55 
 pointsc)

n (%) 303 (80%) 77 (20%) 0.92 [0.89–
0.96], < 0.01

0.69 [0.76–0.62] 0.66 [0.72–0.60]
Median (IQR) 39 (30, 43) 30 (29, 39) < 0.01

HA2T2 (0–5 points) n (%) 108 (72%) 43 (28%) 2.38 [1.68–
3.38], < 0.01

0.78 [0.70–0.85] 0.59 [0.50–0.68]
Median (IQR) 1 (0, 2) 2 (1, 3) < 0.01

ANDC (0–ca. 300 
points)

n (%) 91 (73%) 33 (27%) 1.01 [1.00–1.02], 
0.01

0.66 [0.56–0.77] 0.63 [0.54–0.73]
Median (IQR) 85.4 (74.6, 99.6) 95.2 (85.7, 111.6) < 0.01
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Table 3  Sensitivity, specificity, positive and negative predictive values for mortality and disease progression for all scores and their original cut-
offs

CI confidence interval, NPV negative predictive value, PPV positive predictive value
a Defined as invasive ventilation, ICU admission or death

Score Cut-off n (%) Sensitivity [95%-CI] Specificity [95%-CI] PPV [95%-CI] NPV [95%-CI]

Mortality
CALL ≥ 6 points 284 (96%) 100% [94.2–100] 5.5% [3.0–9.3] 21.8% [17.2–27.1] 100% [75.3–100]

≥ 9 points 219 (74%) 93.5% [84.3–98.2] 31.5% [25.6–37.8] 26.5% [20.8–32.9] 94.9% [87.4–98.6]
CHOSEN ≤ 30 points 135 (36%) 62.3% [50.6–73.1] 71.3% [65.8–76.3] 35.6% [27.5–44.2] 88.2% [83.4–91.9]
HA2T2 ≥ 3 points 29 (19%) 39.5% [25.0–55.6] 88.9% [81.4–94.1] 58.6% [38.9–76.5] 78.7% [70.4–85.6]
ANDC < 59 points 11 (9%) 0.0% [0.0–10.6] 87.9% [79.4–93.8] 0.0% [0.0–28.5] 70.8% [61.5–79.0]

59–101 points 79 (64%) 57.6% [39.2–74.5] 34.1% [24.5–44.7] 24.1% [15.1–35.0] 68.9% [53.4–81.8]
> 101 points 34 (27%) 42.4% [25.5–60.8] 78.0% [68.1–86.0] 41.2% [24.6–59.3] 78.9% [69.0–86.8]

Disease progressiona

CALL ≥ 6 points 284 (96%) 98.0% [93.0–99.8] 5.6% [2.8–9.8] 34.9% [29.3–40.7] 84.6% [54.6–98.1]
≥ 9 points 219 (74%) 84.2% [75.6–90.7] 31.6% [25.2–38.6] 38.8% [32.3–45.6] 79.5% [68.8–87.8]

CHOSEN ≤ 30 points 135 (36%) 53.3% [44.0–62.5] 72.7% [66.8–78] 47.4% [38.8–56.2] 77.1% [71.4–82.2]
HA2T2 ≥ 3 points 29 (19%) 23.8% [15.2–34.3] 86.6% [76.0–93.7] 69.0% [49.2–84.7] 47.5% [38.4–56.8]
ANDC < 59 points 11 (9%) 4.9% [1.0–13.7] 87.3% [76.5–94.4] 27.3% [6.0–61.0] 48.7% [39.2–58.3]

59–101 points 79 (64%) 60.7% [47.3–72.9] 33.3% [22–46.3] 46.8% [35.5–58.4] 46.7% [31.7–62.1]
> 101 points 34 (27%) 34.4% [22.7–47.7] 79.4% [67.3–88.5] 61.8% [43.6–77.8] 55.6% [44.7–66.0]
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shown). Apart from the small sample size, further limita-
tions in this comparison arise from the fact that the study 
populations were also different in their origins. The CALL 
and ANDC scores were based on Chinese patients while 
the CHOSEN and the  HA2T2 score were derived in US 
American patients. Interestingly, the other currently avail-
able external validations of the CALL score in Italian and 
Turkish patients resulted in AUCs that were very similar 
to our own (original AUC for disease progression 0.91 vs. 
Italian AUC 0.62, Turkish AUC 0.59, our AUC 0.61) [14, 
23]. Hence, it seems that compatibility and comparability 
of these scores for different populations cannot be assumed.

Further difficulties are rooted in the novelty of COVID-
19. Much is still unknown about the disease including which 
factors best predict progression or mortality. This is reflected 
in the very different factors included in the scores. Still, 
these more recent approaches are already an improvement to 
initial scores which included up to 12 different items, mak-
ing them difficult to use in a clinical setting [24]. However, 
in a busy environment such as the emergency department, 
ease of use is crucial. The scores discussed here all use no 
more than four variables that are relatively readily avail-
able in middle- to high-income countries. There also exists 
a simplified version of the CHOSEN score that does not rely 
on laboratory values but did also not perform as well in the 
original cohort [11].

All scores were significantly associated with mortality 
and their respective discriminative capacities were moderate 

to good but calibration was poor due to considerable popula-
tion differences. Furthermore, the negative predictive value 
of the CALL score was particularly high and could thus help 
identify patients who are not at risk. The CHOSEN score, 
whose explicit aim was to differentiate between patients who 
needed hospitalisation and those who could be sent home 
safely, also had a high negative predictive value and, in addi-
tion, showed a relatively balanced relation between sensitiv-
ity and specificity, making it a potentially valuable tool for 
risk stratification. Since we did not include outpatients in our 
study, our results are likely to underestimate the true value 
of the CHOSEN score.

Limitations

There are certain limitations to our study. First, our find-
ings are limited to hospitalised patients in a single centre 
in Switzerland, limiting generalisability. In addition, base-
line parameters of our population were markedly different 
from the original study populations including ethnicity and 
important predictors such as age. Unfortunately, regression 
coefficients could not be updated based on the available data. 
Similarly, we could not calculate calibration for the CALL 
and CHOSEN score. Internal validity is also limited due to 
the retrospective design, which meant that a considerable 
proportion of patients had to be excluded from certain score 
cohorts because the required data were missing. Additional 
validation analyses should be conducted in larger data sets. 

Table 4  Comparison of current analysis with original study results and outcomes

AUC  area under the curve, bpm breaths per minute, CRP C-reactive protein, CT computer tomography, FiO2 fraction of inspired oxygen, ICU 
intensive care unit, LDH lactate dehydrogenase, NLR neutrophil-to-lymphocyte ratio, PaO2 arterial partial pressure of oxygen, SpO2 peripheral 
oxygen saturation
a CT findings not included in our results, data not available
b All results calculated for original outcomes

Score Reference, country Included predictors Original outcome(s) AUC (95% confidence interval)b

Original publication Current analysis

CALL Ji et al., China [10] Comorbidity, age, LDH, 
lymphocyte count

Respiratory rate ≥ 30 bpm, 
 SpO2 ≤ 93%,  PaO2/
FiO2 ≤ 300 mmHg, 
mechanical ventilation, 
worsening of lung CT 
 findingsa

0.91 (0.86–0.94) 0.61 (0.55–0.68)
Grifoni et al., Italy [14] External validation

0.62 (0.53–0.69)

CHOSEN Levine et al., United States 
[11]

Age,  FiO2, albumin Hypoxia, ICU admission, 
death (within 14 days)

0.89 (0.87–0.91) 0.65 (0.59–0.71)
Validation cohort
0.87 (0.81–0.93)

HA2T2 Manocha et al., United States 
[12]

Supplemental oxygen, age, 
troponin

All-cause in-hospital mortal-
ity

0.83 (0.79–0.88) 0.78 (0.70–0.85)
Validation cohort
0.78 (0.72–0.84)

ANDC Weng et al., China [13] Age, NLR, d-dimer, CRP All-cause in-hospital mortal-
ity

0.92 (0.84–0.97) 0.66 (0.56–0.77)
Validation cohort
0.98 (0.95–1.00)
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Furthermore, troponin and d-dimer values (required for the 
 HA2T2 and ANDC scores, respectively) were usually avail-
able for sicker patients who reached the primary and second-
ary endpoints more often, which not only limited study pop-
ulation sizes but also comparability between scores. Finally, 
we had to exclude four patients due to missing outcome data, 
thus increasing the risk for selection bias.

Conclusions

In our independent validation, the four analysed scores per-
formed worse than in their original cohorts regarding pre-
diction of mortality and disease progression. However, all 
scores were significantly associated with mortality. While 
the  HA2T2 score identified high risk patients, the negative 
predictive values of the CALL and CHOSEN scores allowed 
reliable identification of patients at low risk, which may 
make them suitable for outpatient management.
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tary material available at https:// doi. org/ 10. 1007/ s15010- 021- 01728-0.
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