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1 | INTRODUCTION

Abstract

Background: The CALL score was developed as a predictive model for progressive
disease. We aimed to validate and/or improve the performance of CALL score in our
hospital settings.

Methods: Adult patients with polymerase chain reaction-confirmed COVID-19 were
included in this retrospective observational study. Clinical and laboratory character-
istics (including complete blood count, CRP, ferritin, LDH, fibrinogen, d-dimer) were
obtained. ROC analysis was used for the evaluation of CALL score's performance.
Cox regression analyses were performed for the selection of new parameters for
improving CALL score.

Results: Overall, 256 patients were enrolled in the study. The median age was 54
(IQR, 22.5), 134 (52%) were women, 155 (61%) had at least one comorbidity, 60 (23%)
had severe disease. The AUC value for CALL score for predicting progression to se-
vere COVID-19 was 0.59 (95% CI 0.50-0.66). D-dimer on admission was associated
with progressive disease (HR = 1.2 Cl 95% 1.02-1.40), (P < .027).

Conclusion: The performance of the CALL score in our patient population was low
compared with the original study. We found an additional parameter for predicting
progressive COVID-19 disease, D-dimer, which may guide future studies to develop

new scoring systems for predicting progressive disease.

and laboratory parameters (C-reactive protein (CRP), ferritin, lympho-
cyte count, neutrophil/lymphocyte ratio), were identified for predic-

Coronavirus Disease 2019 (COVID-19), caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), usually causes asymp-
tomatic or mild disease, while approximately 10%-15% of patients had
severe disease.? Severe cases increase the demand for hospital beds
and may lead to a shortage of medical care. The prediction models to
estimate the risk of progressive disease can assist the healthcare sys-
tem in this situation. The early identification of patients who have high
risk may decrease the need for hospitalisation, mechanical ventilation
and even mortality by early management.® For this purpose, many risk

factors, including patient characteristics (age, underlying conditions)

tion of disease severity in previous studies.**

In the early pandemic period, various prediction models were
developed. The CALL score, based on four clinical parameters
(Comorbidity-Age-Lymphocyte  count-Lactate  dehydrogenase
[LDH]), was claimed as an optimal estimate of progression with an
AUC value of 0.91 (with 95% Cl of 0.86-0.94) by distinguishing hos-
pitalised COVID-19 patients with stable (n = 168) and progressive
diseases (n = 40) This study was one of the earliest and most known
studies for creating predictive model for hospitalised COVID-19 pa-

tients.® We aimed to evaluate the performance of the CALL score
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in patients with COVID-19 in our hospital setting. We also aimed to
improve the CALL score's performance by modifying its components

according to our findings.

2 | METHODS
2.1 | Study population

Adult patients (18 years of age or older) confirmed with real-time re-
verse transcriptase-polymerase chain reaction (RT-PCR) COVID-19
were included in this retrospective, a non-interventional study from
19 March 2020 to 5 June 2020 (the last visit was on 22 June 2020).
The patients were followed up until 14 days after discharging. A waiver
of informed consent was issued by the Marmara University School
of Medicine Institutional Ethical Review Board (Reference number:
09.2020.723). The patients were stratified into disease categories as
mild, moderate or severe based on the National Institutes of Health.”

Severe cases were defined as at least one of the following, re-
spiratory rate 230 breaths/min, resting oxygen saturation <94%,
Pa02/FiO2 <300 mmHg or requirement of mechanical ventilation.”
We excluded patients who had severe disease on admission or in the
first 24 hours after admission.

Progression to severe COVID-19 was defined as appearing one or
more of the parameters mentioned above 24 hours from admission.

Assessed comorbidities included hypertension, diabetes, car-
diovascular disease, liver disease, asthma, chronic lung disease and

malignancies.

2.2 | Data collection

We obtained the patients' characteristics (age, sex, comorbidi-
ties), vital signs and the laboratory parameters, including complete
blood count, CRP, ferritin, LDH, fibrinogen, d-dimer, from elec-
tronic patient records. These laboratory parameters were assessed
at admission and every other day during hospitalisation. The O2
saturation of the patient was measured by pulse oximetry on room
air and confirmed by arterial blood gas analysis. Progression of ill-
ness was assessed by attending infectious disease specialists daily

during hospitalisation.

2.3 | Statistical analysis

The distribution of numerical variables was tested with Kolmogorov
Smirnov, Skewness kurtosis tests and histogram plots. The numeri-
cal variables without normal distribution were reported with me-
dian, interquartile range, minimum and maximum values. Categorical
variables were reported with frequencies and percentages. The cat-
egorical variables were analysed with Chi-Square or Fisher's exact
tests. The distribution of numerical variables among independent

groups was compared with Mann-Whitney U test. The CALL score

What'’s known

e Prediction of progressive disease is vital for healthcare
professionals for better management of COVID-19
patients.

e The early identification of patients who have high risk
may decrease the need for hospitalisation, mechanical
ventilation and even mortality by early management.

What'’s new

e Because of the relatively low performance of CALL
score in our patient population, we recommend using
of D-dimer as a component of future predictive scoring

systems for severe COVID-19 disease.

was calculated with the number of comorbidities, age, LDH and lym-
phocyte count variables, according to the study Ji et al.® The ability
of CALL score for prediction of progressive COVID-19 was tested
with receiver operating characteristic (ROC) analysis, where the
area under curve (AUC) value was reported with a 95% confidence
interval. Two distinct threshold values (including CALL score = 6 and
9) were used, and sensitivity, specificity, negative and positive pre-
dictive values and likelihood ratios were reported with a 95% con-
fidence interval. The independent variables were used in univariate
Cox regression models, where the dependent variable was the pro-
gressive disease. A p-value less than 0.05 was considered statistically

significant. All analyses were executed with Stata 15.1 software.

3 | RESULTS
3.1 | Clinical characteristics of patients

Overall, 256 patients with PCR-confirmed COVID-19 included in the
study. The median age was 54 (IQR, 22.5), 134 (52%) patients were
women, 83 (32%) were older than 60 years. Of 256 patients, 155 (61%)
had at least one comorbidity, and the most common comorbidities
were hypertension (n = 94, 37%) and diabetes (n = 62, 24%). The me-
dian hospitalisation day was 6 (IQR, 5) days, and death was observed in
only 5 (2%) patients. Progression to severe disease was observed in 60
(23%) patients. When stable and progressive groups were compared,
sex, lymphocyte count, ferritin, CRP and fibrinogen levels were found
significantly different between groups (P < .05 for all) (Table 1).

We categorised lymphocyte count (>1.0 and 1.0 x 109/L),
LDH (=250, 250-500, >500 U/L) and age (< 60 and >60 years)
according to original CALL score thresholds, and additionally we
added dichotomised D-dimer value (<0.55 and >0.55 mg/L) to
compare stable and progressive (Table 1). We did not find any sig-
nificant difference among these groups, except D-dimer catego-
ries (P =.012).
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TABLE 1 Characteristics of patients on admission

Overall Stable group
N =256 N =196
Age, y, median (IQR) 54 (22.5) 54 (24.5)
20-91 20-91
Male sex (n, %) 122 (47.66) 84 (42.86)
Comorbidity (n, %) 155 (60.55) 115 (58.67)
> 2 comorbidities (n, %) 84 (32.81) 61(31.12)
Lymphocyte, x107/L 1200 (800) 1300 (900)
100-17000 100-17000
D-dimer, mg/L 0.495 (0.57) 0.48 (0.58)
0.12-11.78 0.12-9.34
LDH, U/L 233 (107) 229 (105.5) 132-
132-1194 1194
Ferritin, ug/L 113.5(175) 103 (151)
1.8-2403 1.8-2403
CRP, mg/L 16 (34) 14 (29)
0.3-177 0.3-177
Fibrinogen, mg/dL 423 (133) 410 (133.5)
141-795 141-767
D-dimer, mg/L (n, %)
<0.55 139 (57.44) 115(61.83)
>0.55 103 (42.56) 71(38.17)
Lymphocyte, x10%/L (n, %)
>1.0 148 (58.73) 117 (60.62)
<1.0 104 (41.27) 76 (39.38)
Age,y (n, %)
<60 173 (67.58) 136 (69.39)
> 60 83(32.42) 60 (30.61)
LDH, U/L (n, %)
<250 148 (59.92) 117 (62.23)
250-500 87 (35.22) 62 (32.98)
>500 12 (4.86) 9(4.79)
Hospitalisation (d) 6 (5) 5(3)
0-59 0-22
Death (n, %) 5(1.95) 1(0.51)

Abbreviations: CRP, C-reactive protein; LDH, lactate dehydrogenase. IQR, interquartile range.
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Progressive group
N =60

57 (19)
20-87
38(63.33)
40 (66.67)
23(38.33)
1100 (700)
200-2900
0.615 (0.655)
0.19-11.78
241 (115)
142-611

157 (237)
5.2-1557

27 (48)
3-164

459 (123)
294-795

24 (42.86)
32(57.14)

31 (52.54)
28 (47.46)

37 (61.67)
23(38.33)

31 (52.54)
25 (42.37)
3(5.08)
11 (6.5)
4-59
4(6.67)

- WILEY- 22

P value

.072
.005
.208
.298
.036
164
.0927
.0015
.0007

.0031

.012
.270
.264
.399

<.001

.011

Comorbidities; Hypertension, diabetes, cardiovascular system disease, chronic lung disease, chronic liver disease, chronic renal disease and

immunosuppression.
P <.05 considered significant (in bold).

3.2 | Performance of CALL score for prediction of
progressive disease

The AUC value for CALL score for predicting progression to severe
COVID-19 was 0.59 (95% Cl 0.50-0.66) with an AUCROC (Figure 1).
When the cut-off point was selected as 6, the positive predictive
value was 26.6% (95% Cl 20.7-33.2), and the negative predictive
value was 90% (95% Cl 76.3-97.2) for disease progression. When the

cut-off point was selected as 9, the positive and negative predictive

values were 26.5% (95% Cl 18.2-36.1) and 78% (95% CI 70.3-84.5),
respectively (Table 2).

3.3 | COXregression analysis of clinical and
laboratory parameters for progressive disease

According to univariate Cox regression analysis, Day 1 values
of D-dimer (HR = 1.2 with Cl 95% 1.02-1.40), LDH (HR = 1,003
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FIGURE 1 ROC curve of CALL score
for prediction of progressive disease
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0.00 0.25 0.50 0.75
1 - Specificity
Area under ROC curve = 0.5873

TABLE 2 Performance of CALL score for progressive disease
prediction

Patients
Variable N =256
AUROC 0.5873 (0.50568-0.66897)
Cut-off value (95% Cl) [

93.1(83.3-98.1)
19.5 (14-25.9)

Sensitivity, %
Specificity, %

Positive predictive value, %
Negative predictive value, %
Positive likelihood ratio

Negative likelihood ratio

26.6(20.7-33.2)
90.0(76.3-97.2)
1.16 (1.05-1.28)
0.354 (0.132-0.954)

Cutoff value (95% ClI) 9

46.6 (33.3-60.1)
59.5(52.0-66.6)
26.5(18.2-36.1)
78(70.3-84.5)
1.15(0.829-1.59)
0.899 (0.688-1.18)

Sensitivity, %

Specificity, %

Positive predictive value, %
Negative predictive value, %
Positive likelihood ratio

Negative likelihood ratio

with Cl 95% 1.000-1.006) and ferritin (HR = 1.001 with Cl 95%
1.000-1.002) were statistically significant risk factors for pro-
gressive disease (P < .05 for all). Nevertheless, these parameters
were not suitable for clinical use or predictive model develop-
ment. The patients with LDH value ranging 250 to 500 had a HR
of 2.011 (95% Cl 1.137-3.556) relative to the patients with LDH
value less than 250. However, this significantly increased risk
was not observed in patients with LDH levels higher than 500
because of relatively low number of patients in this stratum. Also,
we could not establish a multivariate model better than the CALL
score (Table 3).

T
1.00

4 | DISCUSSION

In this study, we compared the clinical and laboratory characteristics
of progressive and stable COVID-19 patients and evaluated the per-
formance of the CALL score in our hospital settings. Then we tried to
find additional parameters for improving CALL score performance.
The performance of CALL score in our study population was lower
compared with the original score. In the following paragraphs, we
discussed the possible reasons behind this result, and possible solu-
tions to adapt and improve this score for our clinical settings.

Our COVID-19 patients were younger compared with some
previous studies.® In addition, more than half of our patients were
women, and 61% of them had one or more comorbidity. These pa-
tient characteristics indicated that our patient population tends to
show less severe clinical course compared with previous studies on
hospitalised patients.9 As a result, progression and mortality were
observed in 23% and 2% of patients, respectively. Nevertheless, the
male gender, a low lymphocyte count, higher ferritin, CRP and fibrin-
ogen levels at day 1 showed significant differences in the progres-
sive group showed significant differences among our patient groups.
These results were consistent with previous literature.0?

The AUC value of the CALL score for the prediction of pro-
gressive disease was relatively low in our study compared with the
original study describing the CALL score.® A low level of progres-
sive disease can partially explain this result in our patient popula-
tion. Also, at the beginning of the pandemic period, we hospitalised
milder and younger patients without comorbidity because of a lack
of information on the natural course of the disease. Finally, both
COVID-19 strains and patient genetics may show diversity among
countries and hospitals.'® These factors may explain a relatively low
performance of CALL score in our patient population.

According to our univariate COX regression models, day 1 D-

dimer, LDH and ferritin levels showed a statistically significant
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TABLE 3 Univariate Cox regression Varlable HR 95% Cl p
analysis for progressive COVID-19 disease
Univariate analysis
Age 1.001 0.983-1.020 .892
Age >60 1.115 0.657-1.893 .686
Gender (male) 1.450 0.849-2.475 173
Comorbidity 1.040 0.595-1.819
Comorbidity (2 or more) 1.310 0.754-2.277 .338
Lymphocyte count (Day 1) 1.000 0.999-1.001
Lymphocyte count <1000 1.305 0.772-2.207
Lymphocyte count <800 1.103 0.625-1.947 .735
D-dimer (Day 1) 1.198 1.021-1.407
D-dimer >0.55 1.392 0.804-2.409 .237
LDH (Day 1) 1.003 1.000-1.006 .025
LDH (250-500) 2.011 1.137-3.556 .016
LDH (>500) 3.056 0.886-10.549 .077
Ferritin (Day 1) 1.001 1.000-1.002 .013
CRP (Day 1) 1.005 0.998-1.012 153
Fibrinogen (Day 1) 1.002 0.999-1.005 .083

P <.05 considered significant (in bold).

effect on progression. However, among these three variables,
only D-dimer showed clinically significant effect on progres-
sion. Increased D-dimer, ferritin and LDH levels are related to
proinflammatory conditions associated to cytokine storm, dys-
functional immune system, endothelial damage and hypercoag-
ulability lead to progressive disease.'* However, we could not
establish a better multivariate model to improve CALL score,
probably because of the relatively low number of patients with
disease progression. Nevertheless, these findings may guide fu-
ture studies to develop new scoring systems and algorithms, in-
cluding D-dimer for predicting progressive disease.

There are several limitations to the study. The number of patients
with the progressive disease was limited. The clinical settings and
hospitalisation criteria for our patients showed essential differences
from the original CALL score study. Further prospective studies are
needed in different regions and countries. Other infectious agents,
which may cause COVID-19 like clinical presentations (eg, Influenza),

were not ruled with laboratory methods.

5 | CONCLUSION

Prediction of progressive disease is vital for healthcare professionals
for better management of COVID-19 patients. Because of the rela-
tively low performance of CALL score in our patient population, we
recommend using of D-dimer as a component of future predictive
scoring systems for severe COVID-19 disease.

DISCLOSURE

All authors declare that they have no conflicts of interest.

AUTHORS’ CONTRIBUTIONS

Buket Erturk Sengel: acquisition of data, drafting the article, Elif
Tukenmez Tigen: acquisition of data, participate in drafting the article,
Can llgin: analysis and interpretation of data, drafting the article, Tugce
Basari, Merve Bedir: acquisition of data, Zekaver Odabasi: revising it
critically for intellectual content, Volkan Korten: conception and design
of the study, revising it critically for intellectual content, final approval
of the version. All authors have read and approved the final manuscript.

ETHICAL APPROVAL

The study protocol was approved by the local ethics committee
of Marmara University School of Medicine (Reference number:
09.2020.723).

DATA AVAILABILITY STATEMENT
Data openly available in a public repository that issues datasets with
DOls.

ORCID

Buket Erturk Sengel https://orcid.org/0000-0003-2182-4693

REFERENCES

1. Huang C, Wang Y, Li X, et al. Clinical features of patients in-
fected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395:497-506.

2. World Health Organization, Clinical management of COVID-19,
Interim guidance 2020. https://www.who.int/publications/i/item/
clinical-management-of-covid-19. Accessed May 27, 2020.

3. Sun Q, Qiu H, Huang M, Yang Y. Lower mortality of COVID-19
by early recognition and intervention: experience from Jiangsu
Province. Ann Intensive Care. 2020;10:33.


https://orcid.org/0000-0003-2182-4693
https://orcid.org/0000-0003-2182-4693
https://www.who.int/publications/i/item/clinical-management-of-covid-19
https://www.who.int/publications/i/item/clinical-management-of-covid-19

6 0of 6 W

4.

10.

11.

@I[¥» THE INTERNATIONAL JOURNAL OF

ERTURK SENGEL ET AL.

ILEY—CLINICAL PRACTICE

Huangl, PranataR, LimMA, Oehadian A, Alisjahbana B. C-reactive protein,
procalcitonin, D-dimer, and ferritin in severe coronavirus disease-2019:
a meta-analysis. Ther Adv Respir Dis. 2020;14:1753466620937175.
Chen N, Zhou M, Dong X, et al. Epidemiological and clinical char-
acteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet. 2020;395:507-513.

Ji D, Zhang D, Xu J, et al. Prediction for Progression Risk in Patients
With COVID-19 Pneumonia: the CALL Score. Clin Infect Dis.
2020;71:1393-1399.

National Institutes of Health (NIH) Coronavirus Disease 2019
(COVID-19) Treatment Guidelines. Clinical Spectrum of SARS-
CoV-2 Infection 2020. https://www.covid19treatmentguidelines.
nih.gov/overview/clinical-spectrum. Accessed April 21, 2021

Poco PCE, Aliberti MJR, Dias MB, et al. Divergent: age, frailty,
and atypical presentations of COVID-19 in hospitalized patients. J
Gerontol A Biol Sci Med Sci. 2021;76:e46-e51.

Josa-Laorden C, Crestelo-Vieitez A, Garcia Andreu MDM, et al. Gender-
based differences by age range in patients hospitalized with COVID-19:
a Spanish Observational Cohort Study. J Clin Med. 2021;10:899.

Hadid T, Kafri Z, Al-Katib A. Coagulation and anticoagulation in
COVID-19. Blood Rev. 2021;47:100761.

Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G.
Hematologic, biochemical and immune biomarker abnormalities

12.

13.

14.

associated with severe illness and mortality in coronavirus dis-
ease 2019 (COVID-19): a meta-analysis. Clin Chem Lab Med. 2020;
58:1021-1028.

Kopel J, Perisetti A, Roghani A, Aziz M, Gajendran M, Goyal H.
Racial and gender-based differences in COVID-19. Front Public
Health. 2020;8:418.

Rahimi A, Mirzazadeh A, Tavakolpour S. Genetics and genomics of
SARS-CoV-2: A review of the literature with the special focus on
genetic diversity and SARS-CoV-2 genome detection. Genomics.
2021;113:1221-1232.

Chau AS, Weber AG, Maria NI, et al. The longitudinal immune re-
sponse to coronavirus disease 2019: chasing the cytokine storm.
Arthritis Rheumatol. 2021;73:23-35.

How to cite this article: Erturk Sengel B, Tukenmez Tigen E,
ligin C, et al. Application of CALL score for prediction of
progression risk in patients with COVID-19 at university
hospital in Turkey. Int J Clin Pract. 2021;75:e14642. https://doi.
org/10.1111/ijcp.14642



https://www.covid19treatmentguidelines.nih.gov/overview/clinical 10spectrum.
https://www.covid19treatmentguidelines.nih.gov/overview/clinical 10spectrum.
https://doi.org/10.1111/ijcp.14642
https://doi.org/10.1111/ijcp.14642

