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Abstract

Objectives: The novel coronavirus disease 19 (COVID-19),
caused by SARS-CoV-2, spreads rapidly across the world.
The exponential increase in the number of cases has
resulted in overcrowding of emergency departments (ED).
Detection of SARS-CoV-2 is based on an RT-PCR of naso-
pharyngeal swab material. However, RT-PCR testing is
time-consuming and many hospitals deal with a shortage
of testing materials. Therefore, we aimed to develop an
algorithm to rapidly evaluate an individual’s risk of SARS-
CoV-2 infection at the ED.

Methods: In this multicenter retrospective study, routine
laboratory parameters (C-reactive protein, lactate dehy-
drogenase, ferritin, absolute neutrophil and lymphocyte
counts), demographic data and the chest X-ray/CT result
from 967 patients entering the ED with respiratory symp-
toms were collected. Using these parameters, an easy-to-
use point-based algorithm, called the corona-score, was
developed to discriminate between patients that tested
positive for SARS-CoV-2 by RT-PCR and those testing
negative. Computational sampling was used to optimize
the corona-score. Validation of the model was performed
using data from 592 patients.
Results: The corona-score model yielded an area under
the receiver operating characteristic curve of 0.91 in the
validation population. Patients testing negative for SARS-
CoV-2 showed amedian corona-score of 3 vs. 11 (scale 0–14)
in patients testing positive for SARS-CoV-2 (p<0.001). Using
cut-off values of 4 and 11 the model has a sensitivity and
specificity of 96 and 95%, respectively.
Conclusions: The corona-score effectively predicts SARS-
CoV-2 RT-PCR outcome based on routine parameters. This
algorithm provides the means for medical professionals to
rapidly evaluate SARS-CoV-2 infection status of patients
presenting at the ED with respiratory symptoms.
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department; pandemic; prediction-model; SARS-CoV-2.

Introduction

In December 2019 the novel coronavirus disease 2019
(COVID-19), caused by SARS-CoV-2, spread rapidly from its
origin inWuhan, China [1]. Symptoms can range frommild,
common cold-like, to life threatening with intensive care
unit admission and extensive mechanical ventilation [2, 3].
On February 27th 2020 the first patient was identified in the
Netherlands, and thousands of new patients were diag-
nosed within the first month.

The subsequent exponential increase in prevalence
has resulted in overcrowding of emergency departments
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(ED) and has led to a shortage of isolation rooms [4]. For
correct triaging of patients diagnostic testing is of key
importance. The leading standard test for detecting
SARS-CoV-2 is an RT-PCR of nasopharyngeal swab ma-
terial [5]. However, RT-PCR testing is time-consuming
and shortage of testing materials and capacity imposes a
serious threat [6].

Doctors at the ED are required to assess the probability
of SARS-CoV-2 infection in each patient entering the ED.
Laboratory medicine provides an important contribution
towards the diagnosis of diseases, including viral in-
fections [7]. Therefore, to accelerate the triage process at
the ED,we integrated routine demographic, laboratory and
imaging data of patients presenting at the ED with COVID-
19-like symptoms to develop a point-based algorithm. The
inclusion of parameters into the model was based on
observed trends in differences between positive and
negative patients with subsequent statistical analyses, as
well as previously published data [3, 8, 9]. This algorithm
can assess whether a person, presenting at the ED with
respiratory symptoms, is likely to have COVID-19. In case of
a shortage of testing capacity, adoption of this algorithm
could reduce the number of patients for whom RT-PCR
testing is required. Moreover, implementation of the
corona-score enables rapid decision making at the ED,
lowering pressure on isolation rooms.

Materials and methods

Patient population

In this retrospective multicenter study, 375 patients from three different
hospitals presenting at the ED with respiratory symptoms, or suspected
COVID-19 infection because of e.g. gastro-intestinal complaints (1–2%of
this cohort), and subsequent SARS-CoV-2 RT-PCR testing were included

(Figure 1 and Table 2). Patients from other departments and patients
without any respiratory symptoms or suspicion of COVID-19 were
excluded. Based on the same inclusion criteria, an independent cohort
of 592 patients from four hospitals was used to validate the model
(Figure 1 and Table 2). For the validation population, patients with
missing values or hemolytic samples were excluded (n=97).

Measurements

For clinical chemistry analyses and RT-PCR, venous blood and
pharyngeal plus nasal swab specimens, respectively, were collected.
All analyses were performed at initial presentation at the ED. Clinical
chemistry parameters (C-reactive protein (CRP), ferritin, lactate
dehydrogenase (LDH), absolute lymphocyte and neutrophil counts
(ALC and ANC)) were obtained on routine analyzers from Siemens
(Jeroen Bosch Hospital and the [immuno-]chemistry of Bernhoven
Hospital), Sysmex (Elisabeth TweeSteden Hospital and the hematol-
ogy of Amphia Hospital), Roche (Elisabeth TweeSteden Hospital and
the [immuno-]chemistry of Amphia Hospital) and Abbott (hematology
of Bernhoven Hospital). SARS-CoV-2 RT-PCR testing at Amphia Hos-
pital and Elizabeth TweeSteden Hospital was performed using tests
from Microvida Laboratory (the Netherlands; [10]), whereas Jeroen
Bosch Hospital and Bernhoven Hospital used in-house developed
tests. Chest X-rays (CXR) and chest CT-scans were imaged using
Siemens, GE Healthcare and Philips equipment. External quality
assessment (EQA) in commutable materials by Dutch Foundation for
Quality Assessment in Medical Laboratories (SKML) demonstrated
that ferritin measured on Roche analyzers is on average 20% higher
than on Siemens analyzers. For building the model and calculating
corona-scores ferritinsmeasured on Siemens analyzers were therefore
multiplied by 1.2. All other measurands in the scoring system had no
significant inter-method differences for Roche, Siemens and Sysmex
in the particular SKML EQA schemes.

Corona-score algorithm

A scoring-based algorithm was developed using laboratory measur-
ands (CRP, ALC, ANC, LDH and ferritin), age, sex and CXR/CT as input.
Scores were assigned to each parameter according to Table 1 (or see
www.corona-score.nvkc.nl for more information). The corona-score is

Figure 1: Flow diagram of the study setup for
the model and validation population.
(A) A flow diagram depicting the inclusion
and exclusion of patients that were used to
develop the algorithm. A total of 375 patients
were included. (B) A flow diagram depicting
the inclusion and exclusion of patients that
were used to validate the algorithm. A total of
592 patients were included.
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obtained by the summation of the score for each parameter. The final
score is truncated from a minimum of 0 to a maximum of 14 points.
Cut-off points and weights of demographic, laboratory and imaging
parameters were computationally sampled using Python (v3.7.0,
Python Software Foundation, USA) to optimize for a maximum area
under the receiver operating characteristic (AUROC) curve. When
values were missing in the data of the model population (n=3 for ALC
and ANC, n=31 for LDH and n=4 for ferritin) the median of the total
population was used.

Statistical analyses

Data were analyzed using the Excel 2010 (Microsoft Corporation, USA)
plugin ‘Analyse-it v5.11’ (Analyse-it Software, Ltd, UK) and SPSS sta-
tistics v22 (IBM, USA). Continuous variables were tested for normal
distribution using a Kolmogorov-Smirnov test. In case of non-normal
distribution, a Mann-Whitney U test was performed to compare
the medians. Categorical variables were compared by a χ2-test.
A p-value <0.05 was considered statistically significant.

Results

Using a cohort of 375 ED patients with respiratory symp-
toms a point-based algorithm was created and subse-
quently validated using a separate independent cohort of
592 patients (Table 2). At the time of presentation at the ED
the parameters sex, age, CRP, ferritin, LDH, ALC, ANC and
CXR were significantly different between the COVID-19
positive and negative patients (Figure 2 and Table 2).
Together, these parameters were used to develop an

algorithm, named ‘corona-score’. Inclusion of albumin,
procalcitonin or clinical parameters such as fever, cough
and dyspnea did not sufficiently improve the performance
of the algorithm, possibly partially due to method differ-
ences among contributing laboratories and suboptimal
anamnesis and/or registration thereof (data not shown).
The corona-score resulted in a model with an AUROC of
0.94 (Figure 3A, 95% CI 0.91–0.96). Patients with a
negative RT-PCR test had a median of 4 compared to a
median of 11 for SARS-CoV-2 positive patients (Figure 3B
and Table 2). The corona-score algorithm was validated
with data from 592 patients, yielding an AUROC of 0.91
(Figure 3C, 95% CI 0.89–0.94). In the validation popula-
tion SARS-CoV-2 negative patients had a median of 3
versus a median of 11 for SARS-CoV-2 positive patients
(Figure 3D and Table 2).

By using different cut-off values the desired sensitivity
and specificity for the test can be found (Table 3). For
example, using corona-score cut-offs of 4 (96% sensitivity)
and 11 (95% specificity) at a 70% prevalence (during the
regional COVID-19 pandemic peak), this model showed
negative and positive predictive values of 88 and 96%
(Figure 3E). The total false rate given these conditions is 4%
(Figure 3E).

RT-PCR testing for SARS-CoV-2 is hampered by signif-
icant numbers of false negatives as the sensitivity of RT-
PCR is estimated at approximately 70–90% [11]. Indeed,
many doctors request multiple COVID-19 tests when the
RT-PCR result does not match the clinical presentation of

Table : The point-based scoring system for the calculation of the corona-score. The final score is clamped fromaminimumof to amaximum
of  points. More information can also be found at www.corona-score.com.

Age, years ≤ – +
Points   

Sex Female Male
Points  

CRP, mg/L – – – – – – +
Points       

Ferritin, µg/L ≤ – – – ≥
Points −    

LDH, U/L ≤ – – ≥
Points    

ALC, /L ≤. ≥.
Points  

ANC, /L ≤. .–. .–. .–. ≥.
Points  − − − −

CXR No infiltrate Unilateral infiltrate Bilateral infiltrate
Points   

CRP, C-reactive protein; LDH, lactate dehydrogenase; ALC, absolute lymphocyte count; ANC, absolute neutrophil count; CXR, chest X-ray.
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the patient. Patients from the validation population of the
JBZ hospital that showed positivity for SARS-CoV-2 after
repeated RT-PCR testing (n=13) had an initial median
corona-score of 12, while patients that remained negative
(n=12) had an initial median corona-score of 4 (Figure 3F).
This indicates that the corona-score may be able to
distinguish between true and false negatives, but pro-
spective studies are needed to confirm this.

Discussion

Using a cohort of 967 patients we developed and validated
a point-based algorithm to predict the likelihood of SARS-

CoV-2 infection in patients presenting at the ED with res-
piratory symptoms. Validation of themodel resulted in an
AUROC of 0.91 with a 96% sensitivity and 95% specificity,
using corona-score cut-offs of 4 and 11. Importantly, cut-
offs can be selected to optimize the performance of the
score depending on hospital needs and regional preva-
lence. Such an algorithm can be used to, (1) accelerate
determination of isolation needs and (2) reduce RT-PCR
testing: a reduction of about 60% can be achieved if cut-
offs of 4 and 11, yielding 125 true negative and 219 true
positive patients in the validation cohort of 592 patients,
are used.

Our algorithm is optimized to predict the outcome of
the SARS-CoV-2 RT-PCR test, which has limited (70–90%)

Table : Overview of the demographic, clinical chemistry and chest X-ray parameters of the patients included in the model development and
validation.

Model population COVID- negative (n=) COVID- positive (n=) p-Value

Mean ± SD Median (th–th percentile) Mean Median (th–th percentile)

Age, years  ±   (–)  ±   (–) <.a

CRP, mg/L  ±   (–)  ±   (–) <.a

LDH, U/L  ±   (–)  ±   (–) <.a

Ferritin, µg/L  ±   (–)  ±   (–) <.a

Lymphocytes, ×/L . ± . . (.–.) . ± . . (.–.) <.a

Neutrophils, ×/L . ± . . (.–.) . ± . . (.–.) <.a

Corona-score, – . ± . . (.–.) . ± . . (.–.) <.a

Sex
Male .% .% <.b

CXR
No infiltrate % % <.b

Unilateral infiltrate % %
Bilateral infiltrate % %

Hospitalc JBZ (); BHZ (); ETZ (); AMP () JBZ (); BHZ (); ETZ (); AMP ()

Validation population COVID- negative (n = ) COVID- positive (n = ) p-Value

Mean ± SD Median (th–th percentile) Mean ± SD Median (th–th percentile)

Age, years  ±   (–)  ±   (–) .a

CRP, mg/L  ±   (–)  ±   (–) <.a

LDH, U/L  ±   (–)  ±   (–) <.a

Ferritin, µg/L  ±   (–)  ±   (–) <.a

Lymphocytes, ×/L . ± . . (.–.) . ± . . (.–.) <.a

Neutrophils, ×/L . ± . . (.–.) . ± . . (.–.) <.a

Corona-score, – . ± . . (.–.) . ± . . (.–.) <.a

Sex
Male .% .% <.b

CXR
No infiltrate % % <.b

Unilateral infiltrate % %
Bilateral infiltrate % %

Hospitalc JBZ (); BHZ (); ETZ (); AMP () JBZ (); BHZ (); ETZ (); AMP ()

aMann–Whitney U test (α = .). bχ test. cJBZ, Jeroen Bosch Hospital; BHZ, Bernhoven Hospital; ETZ, Elisabeth-TweeSteden Hospital; AMP,
Amphia Hospital.
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sensitivity [11]. Inclusion of patients having false negative
RT-PCR tests into the study population distorts the dataset
leading to an underestimation of the performance of the
algorithm. Interestingly, by retrospectively investigating
twenty-five patients that received multiple COVID-19 tests
our algorithm could predict which patients were initially
false negatives. Therefore, the sensitivity of the corona-
score appears to exceed the sensitivity of the SARS-CoV-2
RT-PCR.

In a minority of cases, our model produces a corona-
score of 0–5 in patients that tested positive for SARS-CoV-2
by RT-PCR. There are two common underlying reasons for
this phenomenon. Firstly, the corona-score performed
poorly in patients with a gastro-intestinal presentation of
COVID-19 (only 1–2% of patients), but without respiratory
symptoms. Therefore, this algorithm should onlybeused for
patients at the ED with respiratory symptoms or suspected

COVID-19 infection. Secondly, the corona-score performed
unsatisfactory in a few patients that only have mild clinical
symptoms, and therefore do not have large alterations in
their laboratory parameters. On the other hand, some
negatively-tested patients received a high corona-score.
This could be due to false-negative RT-PCR testing or
possibly other viral infections. Interestingly, four patients
thatwere positive for influenza andnegative for SARS-CoV-2
had a low corona-score (between 2 and 6). During this
COVID-19 pandemic, the prevalence of other respiratory
viruses appears very low; hence, the discriminative poten-
tial of the corona-score in patients infected by such viruses
could not be systematically established. Notably, in case of
any viral outbreak, a similar modelling approach could be
considered to develop an algorithm as described here.

It is important to point out that the corona-score may
only be used for the population for which it has been

Figure 2: Difference in demographic and routine laboratory parameters between COVID-19 positive and negative patients.
Box plots depicting themedian and interquartile range of continuous variables included in our model, (A) age, (B) C-reactive protein (CRP), (C)
lactate dehydrogenase (LDH), (D) ferritin, (E) absolute lymphocyte count (ALC), (F) absolute neutrophil count (ANC). Data are taken from the
model population presented in Table 2. *Indicates a p-value ≤0.05.
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validated. Therefore, the corona-score should not be used
for patients presenting at the ED without symptoms that
may relate to COVID-19-infection or for patients presenting
at other locations, such as the general practitioner or at
nursing homes. Moreover, our study population did not
include any pediatric patients, and therefore, the use of
this score in the pediatric population has not been vali-
dated. The absence of pediatric patients presenting at the
ED could also indicate that pediatric patients do not
develop a sufficiently severe disease that requires an ED
visit. Lastly, the model has been developed as a diagnostic
tool and has no established prognostic value.

The four laboratories involved in this study deploy
different instruments from the major in-vitro diagnostic
device providers. Most measurands that were included in

the algorithm have an identical metrological traceability
and hence comparable results in the commutable EQA
scheme of the SKML [12]. However, there is no reference
method for ferritin [13]. The different calibrations lead to
approximately 20% difference in ferritin results between
the methods employed by the laboratories in this study.
Therefore, a 1.2 harmonization factor was applied to the
ferritin values obtained from Siemens instruments, before
calculating corona-scores, correcting the lack of stan-
dardization. Generally, methodological harmonization
between laboratories should be encouraged for better
comparison of laboratory results [14].

To our knowledge, our algorithm is the first available
validated tool to rapidly evaluate COVID-19 status in ED
patients with respiratory symptoms based on routine

Figure 3: Performance of the corona-score to predict RT-PCR outcome.
(A) ROC-curve (AUROC=0.94, 95%CI 0.91–0.96) of themodel, created using data from 375 patients from three different hospitals. Points were
attributed to each patient based on demographic, laboratory and CXR data (the range of the corona-score is truncated from 0 to 14). (B) Box-
plot displaying thedifference in themedianbetween the SARS-CoV-2 negative andpositive patients from themodel population obtainedusing
the corona-score. (C) The model was validated using 592 patients (AUROC=0.91, 95% CI 0.89–0.94). (D) Box-plot displaying the difference in
the median between the SARS-CoV-2 negative and positive patients from the validation population obtained using the corona-score. (E)
Positive (triangle) and negative (square) predictive values and false rate (circle) at several different prevalences, using a corona-score of four
and eleven as lower and upper cut-offs, respectively. (F) Box-plot depicting the median corona-score of patients that received multiple SARS-
CoV-2 RT-PCR tests, for whom the latest RT-PCR (material obtained from either nasopharyngeal, fecal or sputum) was positive (n=13) or
remained negative (n=12). *Indicates a p-value ≤0.05.
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laboratory tests. The model has already been implemented
at the ED of several hospitals in the Netherlands. Imple-
mentation of this algorithm will accelerate the triage of
patients and reduce the number of RT-PCR tests required.
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