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ABSTRACT

Objective: Scoring systems are frequently used to predict disease severity and mortality in many different clinical conditions. The prognostic
significance of a new scoring system developed for patients who are hospitalized due to Coronavirus disease-2019 (COVID-19) pneumonia,
which is named CALL that stands for comorbidity (C), age (A), lymphocyte count (L), and lactate dehydrogenase (LDH) (L), was evaluated.

Methods: This is a retrospective and observational study on 582 patients who were hospitalized due to moderate or severe COVID-19
pneumonia after being diagnosed as positive using the real-time polymerase chain reaction testing. CALL scores were evaluated in the two
groups of patients, namely the survivors and the non-survivors.

Results: Among all patients, 339 (58.24%) were males and 272 (46.73%) were older than 60 years. Comorbidities were not found in 174 (29.89
%) patients, whereas 408 (70.11%) had one or more comorbidities, mainly hypertension (n=275, 47.25%), diabetes mellitus (n=192, 32.98%), and
coronary artery disease (n1=78, 13.4%). Class A consist of 113 (19.41%) patients (4-6 s), 219 (37.62%) in Class B (7-9 s), and 250 (42.95%) in Class
C (10-13 s). In-hospital mortality was found to be 6% (35 cases). Only 1 (0.88%) patient in Class A and 27 (10.8%) in Class C were deceased. As
a result, in-hospital mortality was observed as 27 patients in Class C and 1 in Class A. The receiver operating characteristic analysis was used to
assess the performance of the CALL score; the area under the curve was 0.76 (95% confidence interval of 0.68-0.85). Using a cutoff value of 10
points, the sensitivity was 77% and specificity was 60% for predicting in-hospital mortality.

Conclusion: CALL score was observed to be strongly related to in-hospital mortality. As a simple diagnostic measure, it may be used as a
complementary score for the treatment planning and management of COVID-19 pneumonia in pandemic conditions.
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Amag: Hastalik siddetinin belirlenmesi ve prognozun éngériilmesinde gesitli skorlama sistemleri kullaniimaktadir. Mevcut calismada, Koronaviriis
hastaligi-2019 (COVID-19) pnémonisinde yiiksek riskli hastalarin saptanmasi amaci ile gelistirilen, 4 parametreden olusan ve CALL skor C:

komorbidite, A: yas, L: lenfosit sayisi ve L: laktat dehidrojenaz (LDH) olarak adlandirilan, yeni bir skor sisteminin sonucu éngérebilme yetisinin
degerlendiriimesi amaclanmistir.

Gereg ve Yontem: 1 Eylil 2020-31 Aralik 2020 tarihleri arasinda yatarak tedavi géren, Ters transkripsiyon polimeraz zincir reaksiyonu testi ile
dogrulanmis, orta ve agir siddetli COVID-19 pnémonisi olan hastalarin tibbi kayitlarinin retrospektif analizi yapildi. Calismaya toplam 582 hasta
dahil edildi. CALL skoru sonuglari sag kalanlar ve kaybedilenler olmak tzere iki hasta grubu icin karsilastirildi.

Bulgular: 339 (%58,24) erkek hastanin oldugu galismada, 272 (%46,73) hastanin 60 yas lizerinde oldugu saptandi. 174 (%29,89) hastada herhangi
bir komorbidite bulunmazken 408 (%70,11) hastada bir veya daha fazla komorbidite oldugu gézlendi. Komorbiditeler arasinda ilk tg¢ sirada
hipertansiyon (275, %47,25), diyabet (192, %32,98) ve koroner arter hastaligi (78, %13,4) yer almaktaydi. CALL skoru siniflamasina gére; 113
(%19,41) hasta sinif A (4-6 puan), 219 (%37,62) hasta sinif B (7-9 puan) ve 250 (%42,95) hasta sinif C (10-13 puan) olarak kaydedildi. Sinif A'da
sadece 1(%0,88) hastanin, sinif C'de ise 27 (%10,8) hastanin kaybedildigi saptandi. Hastane i¢i mortalite orani %6 (35 hasta) bulundu. Kaybedilen
toplam 35 hasta degerlendirildiginde; 27 hastanin sinif C, 7 hastanin sinif B ve 1 hastanin sinif A kategorisinde bulundugu gézlendi. CALL skorun
performansini degerlendirmek amaci ile kullanilan Receiver operating characteristics analizinde arena egri altinda 0,76 (%95 gtiven aralidi, 0,68-
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0,85) bulundu. Cutoff degeri 10 puan olarak kabul edildiginde, CALL skorun hastane i¢ci mortaliteyi 5ngérmede %77 duyarlilik ve %60 6zgiillige

sahip oldugu saptandi.

Sonug: CALL skorun hastane i¢i mortalite ile giiclii bir sekilde iliskili oldugu gézlendi. CALL skoru, 6zellikle pandemi kosullari dikkate alindiginda
COVID-19 pnémonisinin tedavi yénetiminde basit, yardimci ve tamamlayici bir skor olarak kullanilabilir.

Anahtar Kelimeler: CALL skor, COVID-19 pnémonisi, komorbidite, yas, lenfosit, LDH, mortalite

INTRODUCTION

The novel coronavirus Severe Acute Respiratory syndrome-
coronavirus-2 (SARS-CoV-2), which was declared as an
epidemic by the World Health Organization in March 2020,
continues to be a life-threatening problem worldwide.
SARS-CoV-2 appears in various clinical forms, such as rapidly
progressing hypoxemia and acute respiratory distress
syndrome, viral pneumonia, and/or cytokine storm that
lead to a consequent hyperinflammatory state and death
(1). Coronavirus disease-2019 (COVID-19) progresses with
higher mortality among elderly patients with comorbidities,
such as diabetes, hypertension, cardiovascular disease, and
cerebrovascular disease (2). Early identification of patients
who may develop critical illness is of great importance and
may support appropriate treatment delivery and resources
optimization.

Several known scoring systems are being used in the
management of patients with many critical conditions, and
the process of patient care, hospitalization, or admission to
the intensive care unit (ICU) can be decided based on these
scores (3). New scoring systems are still being developed
for COVID-19, one of which is the CALL score by Ji et al.
(4) that was derived based on patients’ comorbidities
(Q), age (A), lymphocyte count (L), and serum lactate
dehydrogenase (LDH) levels (L) at admission. CALL was
developed to identify a patient group at high risk of disease
progression. Advanced age (>60 years), high level of LDH,
and low lymphocyte count (<1.0 x 109/L) are independent
high-risk factors for the progression of COVID-19, and the
CALL score contributes to its prediction (4). Studies have
shown that the newly developed predictive model, CALL
score for COVID-19, may predict disease progression and
in-hospital deaths (4-6).

This retrospective study aimed to develop a metric that
would specifically incorporate the information related
to comorbidity, thus the CALL score was used to predict
COVID-19 hospital mortality. The classification method,
which was widely accepted in many former studies in the
literature was based on survivors/non-survivors, thus using
the same classification system was preferred. However, we
further investigated these patients in two groups with a
more graded classification system as A, B, and C.
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METHODS

Study Design and Cohort

This single-center, cross-sectional retrospective study was
conducted at our hospital in Istanbul, Level-3 pandemic,
which included 986 patients who are confirmed for
COVID-19 from September 1, 2020, to December 31,
2020. Demographic data (age and gender), vital signs as
heart rate, respiratory rate, and blood pressure, oxygen
saturation (SpO,), and mean oxygen requirement at
hospitalization duration, comorbidity status, laboratory
parameters including complete blood count, c-reactive
protein, procalcitonin, cardiac enzymes, coagulation profile,
D-dimer, liver and renal functions, LDH, and arterial blood
gas results of patients were collected. Nasal and pharyngeal
swabs yielding real-time-polymerase chain reaction results,
thoracic computerized tomography (CT) results, and
clinical outcomes (mortality, discharge, and hospitalization
period), as well as comorbidities, were recorded. Patients
with incomplete data and pregnant women were excluded
from the study. Patients who did not have any clinical or
laboratory data or who had pneumonia arising from other
causes were excluded from the study. After the exclusion,
582 patients (=18 years) who were hospitalized with the
diagnosis of moderate or severe COVID-19 pneumonia
were included in the study. None was admitted to the ICU.
The data was categorized as moderate or severe based on
severity classification regarding the “Chinese Guidelines for
Diagnosis and Treatment of Novel Coronavirus Pneumonia”
(Trial Version 7) (7). Patients with moderate COVID-19 had
a fever (>37.3 °C) and respiratory symptoms identified
by radiological findings that suggest pneumonia. The
existence of any one of the following criteria was assumed
to be a sufficient condition to consider the patient as
severe: (1) respiratory distress (=30 breaths/min), (2) oxygen
saturation of <93% at rest, and (3) arterial partial pressure
of oxygen /fraction of inspired oxygen of <300 mmHg (1
mmHg: 0.133 kPa). CT scans were obtained from all patients
during hospital admission. CT results were classified as mild,
moderate, and severe involvement by an expert radiologist
(8). Comorbidity was defined as the presence of at least
one of the following: hypertension, diabetes, cardiovascular
disease, chronic lung disease (Asthma and chronic
obstructive pulmonary disease), chronic liver disease, human
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immunodeficiency virus infection, or at least 6 months of
active malignancy (4). CALL score was calculated for each
patient from the retrospectively obtained data as follows: no
comorbidity = 1 point; comorbidity = 4; age of <60=1 and
>60=3; lymphocyte of >1.0 x 107/L=1 and <1.0 x 107/L=3;
and LDH of <250 U/L=1, 250-500 U/L=2, and >500 U/L=3
points. CALL score was classified as class A with 4-6 points,
wherein patients show <10% probability of progression and
were considered as low risk; class B with 7-9 points, wherein
patients have 10%-40% probability of progression and at
intermediate risk; and class C with 10-13 points, wherein
patients have >50% probability of progression and at high
risk (4).

The primary endpoint was defined as the in-hospital death.
All cases that are enrolled in the study were managed
according to the “"COVID 19 treatment protocol of the
Turkish Health Ministry” (9). The research was first registered
in the data of the “Turkish Health Ministry Scientific Research
Committee” and then reviewed and approved by the Local
Ethics Committee University of Health Sciences Turkey,
Bakirkdy Dr. Sadi Konuk Training and Research Hospital (no:
2021-05-10, date: 01.03.2021).

Statistical Analysis

All statistical analyses were performed in commercially
available Statistical Package for the Social Sciences software
version 21 (Statistical Package for the Social Sciences Inc.,
Chicago, IL, USA). Patient characteristics were summarized
using descriptive statistics. Continuous variables were
compared using either the unpaired t-test to compare
two variables or a one-way analysis of variance to compare
multiple variables. Categorical variables were compared
using the Chi-square test. The Mann-Whitney U test was
used to evaluate continuous variables with the non-normal
distribution. A p-value of <0.05 was accepted as statistically
significant. Receiver operating characteristic (ROC) analysis
was carried out to identify an index for the prediction of in-
hospital death.

RESULTS

Baseline data characterizing the patients and their
comorbidities  are Table 1.
measurements, CT results, and disease severity are
presented in Table 2. CALL score components and
classifications are shown in Tables 3 and 4, respectively.
Among 582 patients, 408 (70.11%) had comorbidities that
mainly include hypertension (n=275, 47.25%), diabetes
mellitus (=192, 32.98%), and coronary artery disease (n=78,
13.4%). Based on established categories, 251 (43.12%)
patients were classified as moderate and 331 (56.88%) as

given in Laboratory

severe. Pulmonary involvement in the thorax CT was mild in
125 (21.47%), moderate in 258 (44.32%), and severe in 199
(34.21%) patients. Class A consists 113 (19.41%) patients (4-6
points), 219 (37.62%) in class B (7-9 points), and 250 (42.95%)
in class C (10-13) (Table 4). In addition, 181 patients (54.69
%) with severe disease were found in class C and 39 (11.78%)
in class A.

The clinical characteristics of survivor and non-survivor
groups were compared. No statistically significant
difference was found between genders; however, 25 (71.42
%) patients who died were male. Comorbidity, age, LDH,
and lymphocyte as components of the CALL score were
significantly different between the two groups based on
univariate analyses.

In addition to comorbidity numbers, respiratory rate, oxygen
saturation, supplemental oxygen requirement, heart rate,
urea, albumin, troponin-l, disease severity, and thorax CT
score were found to be significantly different between the
two groups. Duration of hospitalization was 11.26+5.89 days
in survivors, whereas 11.8+7.29 days in non-survivors and
was insignificant. In-hospital mortality was found to be 6%
(35 cases), wherein 34 (97.15%) cases were severe.

The median age was 71.57+13.56 years in non-survivors,
whereas 59.39+14.51 years in survivors (p<0.001). Among all
patient, 26 (74.28%) were deceased and were older than 60
years (p=0.001), 30 (85.72%) had at least one comorbidity,
and 22 (62.87%) had two or more comorbidities. As expected,
members of the non-survivor group were older and had
more comorbidities (p<0.001 and p=0.04, respectively).
Comorbid  hypertension,  congestive failure,
cerebrovascular disease, and malignancy were significantly
more common in non-survivors than those in survivors
(p=0.01, p=0.01, p=0.002, and p=0.005, respectively). In 25
(71.43%) of the deceased patients, the lymphocyte count
was found to be 1.0x10%/L or less and in 10 (28.57%) and
was >1.0x10%/L in 15 patients (p<0.001). In the non-survivor
group, LDH was <250 U/L in 6 (17.14%), 250-500 U/L in 20
(57.14%), and >500 U/L in 9 patients (25.72%) (p=0.01).

heart

In the deceased group, 34 (97.15%) were severe, whereas
only 1 patient (2.85%) was moderate. In this group,
according to the thorax CT findings, moderate involvement
was found in 11 (31.42%) and severe involvement was found
in 23 (65.73%) cases. Therefore, deceased patients had
significantly higher disease severity status and thorax CT
scores compared to survivors (p<0,001). Of 582 patients,
113 (19.41%) were in class A, 219 (37.62%) in class B, and
250 (42.95%) in class C. Class C had 27 (10.8%) deceased
patients, whereas 1 (0.88%) in class A. Out of 250 patients,
181 (72.4%) in class C were severe.
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Table 1. Evaluation of baseline characteristics and comorbidities for survivors and nonsurvivors

Survivors (n=547) Non-survivors (n=35) p

Age, years 59.39+14.51 71.57+13.56 <0.001
Sex male, 339 (58.24%) 314 (57.4%) 25 (71.42%) NS
Body temperature, °C 36.87+0.63 36.93+0.7 NS
Systolic blood pressure, mmHg 127.18+18.86 133.14£19.13 NS
Diastolic blood pressure, mmHg 71.54+10.60 72.31+10.58 NS
Heart rate, per minute 84.23+16.18 90.05+20.15 0.04
Respiratory rate, per min 20.70+4.34 29.91+4.59 <0.001
SpO, (median; under oxygen support) 94.51+1.98 92.62+2.45 <0.001
O, support, L/per min 3.66+5.47 13.45£8.35 <0.001
Comorbidities, n (%)
Arterial hypertension 275 (47.25) 251 (45.88) 24 (68.57) 0.01
Diabetes mellitus 192 (32.98) 179 (32.72) 13 (37.14) NS
Coronary artery disease 78 (13.4) 71(12.97) 7 (20) NS
Congestive heart failure 27 (4.63) 22 (4.02) 5(14.28) 0.01
Cerebrovascular disease 17 (2.92) 12 (2.19) 5(14.28) 0.002
Asthma 49 (8.41) 46 (8.40) 3(8.57) NS
COPD"17 (2.92) 16 (2.92) 1(2.85) NS
Malignancy 29 (4.98) 23 (4.20) 6(17.14) 0.005
Chronic kidney disease 28 (4.81) 26 (4.75) 2(5.71) NS
ICOPD: Chronic obstructive pulmonary disease

Univariate analysis showed that age older than 60 years ROC Curve

[odds ratio (OR): 3.53, 95% confidence interval (Cl): 1.62- L

7.68] and lymphocyte count of <1.0x10%L (OR: 5.90, 95%

Cl: 2.53-13.74) were associated with mortality. ROC analysis

was used to assess the performance of the CALL model; 087

the area under the curve (AUC) was 0.76 (95% Cl: 0.68-

0.85, p<0.001) (Figure1). Using a cutoff value of 10 points,

sensitivity was 77% and specificity was 60% in predicting in- g %

hospital mortality. =

Therefore, mortality was associated with advanced age (>60 g g

years), presence of certain comorbidities (hypertension,

congestive heart failure, cerebrovascular disease, and

malignities), higher LDH, lower lymphocyte, and higher 0.2

CALL scores. In addition, mortality was found to be

associated with lower oxygen saturation, tachypnea, need

for supplemental oxygen support, high urea, troponin-I, low - : : : .

albumin levels, disease severity status, and thorax CT score. 00 02 04 06 08 10

1 - Specificity

DISCUSSION

Considering the high infectivity and mortality rates of
COVID-19 with pneumonia, early disease diagnosis is
essentially critical. Blood tests and simple scoring systems
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Figure 1. ROC curve for CALL score in predicting mortality. AUC 0.76
(95% Cl: 0.68-0.85).
ROC: Receiver operating characteristic, AUC: Area under curve, Cl:
Confidence interval
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play an important role in the early diagnosis, considering
the information they provide to physicians regarding the
inflammatory process.

Previous studies reported that advanced age, lymphopenia,
and high-level LDH were correlated with worse outcomes
and mortality (10-18). Contrarily, the presence of comorbidity
as an independent risk factor is still controversial. However,
several studies claimed that the presence of comorbidities
was an independent risk factor (10,12,19-22). CALL score
was first defined by Ji et al. (4) who excluded severe patients
in their cohort. Contrarily, Kamran et al. (6) included severe
and critical cases in their study and concluded that CALL

score was a reliable indicator to predict the progression
and mortality of disease although the presence of
unaccompanied comorbidities was not an independent
risk factor. Additionally, some studies have reported that
comorbidity was not predictive for disease severity (6,23-
26). Guan et al. (12) did not only report that patients with any
comorbidity had worse clinical outcomes but also reported
that the number of comorbidities was an important risk
factor for composite outcomes (ICU admission, invasive
ventilation, or death) (19).

Ucan et al. (27) determined that community-acquired
pneumonia scores were more predictive of mortality and

Table 2. Evaluation of laboratory results, CT results, and disease severity for survivors and nonsurvivors

Survivors (n=547) Non-survivors (n=35, 6%) p
Hematocrit, % 37.76+4.76 37.42+5.425 NS
Platelet, cells/mL 247.75+116.06 213.65+111.26 NS
Neutrophil, cells/mL 5.37+4.38 6.31+£3.97 NS
Lymphocytes, cells/mL 1.22+0.57 0.84+0.58 <0.001
Glucose, mg/dL 148.88+68.33 164.04+79.26 NS
Urea, mg/dL 38.99+26.96 58.59+34.27 <0.001
Creatinine, mg/dL 0.96+0.74 1.00+£0.41 NS
ALT, U/L 44.02+33.14 44.60+21.76 NS
AST, U/L 41.32+35.99 40.20+32.08 NS
Lactate dehydrogenase, U/L 336.63+139.10 421.60+221.96 0.001
C-reactive protein, mg/L 101.31+77.21 123.07+66.76 NS
Procalcitonin, ng/mL 0.41+0.50 1.01+1.64 NS
Ferritin, mcg/L 461.69+564.75 628.96+598.92 NS
D-dimer, mcg FEU/mL 0.70+1.02 1.01+1.01 NS
Fibrinogen, mg/dL 490.10£119.89 516.02+137.01 NS
INR 1.05+0.16 1.08+0.21 NS
Troponin-I, ng/mL 12.20+25.73 32.09+64.21 <0.001
Albumine, g/dL 36.54+5.86 32.70+5.68 <0.001
CT, n (%) - - <0.001
Mild 125 (21.47) 124 (22.66) 1(2.85) -
Moderate 258 (44.32) 247 (45.15) 11(31.42) -
Severe 199 (34.21) 176 (32.19) 23 (65.73) -
Disease severity status, n (%) - - <0.001
Moderate, 251(43.12) 250 (45.7) 1(2.85) -
Severe, 331 (56.88) 297 (54.3) 34 (97.15) -
Hospitalization, days 11.26+5.89 11.80+7.29 NS
Death, n (%) - 35 (6%) -

CT: Computerized tomography, ALT: Alanine transaminase, AST: Aspartate transaminase, INR: International normalized ratio




progression in COVID-19 than specific COVID-19 scoring
systems, hence they suggested that the CALL score could
be used to decide for outpatient management in COVID-19.
Their study reported no deaths in CALL score class A (27).
However, our study reported 1 (0.88%) patient who died in
class A and 27 (10.8%) in class C. Ji et al. (4) also found in
their study that >96% of participants did not progress to
serious disease with CALL scores of 4-6 points (Class A).

Several studies showed that the CALL score was a powerful
prognosticator to predict the progression to severe
COVID-19, identify critically ill patients who require an ICU
admission, in-hospital mortality, worsening illness, and
associated fatality (5,6,26,28). Our study also demonstrated
the high performance of the CALL model in predicting the
disease severity and hospital mortality; the AUC was 0.76
(95% ClI: 0.68-0.85) and using a cutoff value of 10 points,

Table 3. Components of CALL score

Med J Bakirkoy 2021;17:359-366

sensitivity was 77% and specificity was 60 % in predicting
in-hospital mortality.

Moreover, another study showed that the CALL score
performed well for 30-day mortality but not for 7-day ICU
admission (29). Contrarily, Al Hassan et al. (25) showed that
the CALL score had a poor discriminatory value for the
composite outcome of ICU admission or death. Similarly,
Shi et al. (30) stated that the CALL score performed poorly
in predicting mortality and critical illness.

Recently, Cabanillas et al. (31) suggested that the CALL
score was useful in managing the treatment of patients with
COVID-19 and were able to prevent the development of
respiratory failure by giving methylprednisolone treatment
to high-risk patients, whom they identified with the CALL
score (31). In addition, the “CALL-(interleukin)IL-6 score,”
which was created by adding IL-6 to the CALL score, showed
a significantly better prediction of in-hospital mortality and
progression to severity than the original CALL score (32).

(Snu=r;|‘\1/;)rs ::I,Zg_;:‘z%ors Our study found older age, presence, and multiplicity of
Comorbidity 008 comorbidity, lymphopenia, and increased LDH levels to be
numbers, n (%) : strongly associated with mortality. In addition, increased
Without, 174 (29.89) 169 (30.89) 5 (14.28) respiratory rate, lower oxygen saturation, severe disease
With. 408 (70.11) 378 (69.11) 30 (85.72) status., and bigher thorax CT scores were found t<? be
associated with death. CALL score proved to be a reliable
With 1, 151 (25.94) 143 (26.14)  8(22.85) prognosticator for mortality. Older age and the presence of
With =2, 257 (44.17) 235(42.97) 22(62.87) comorbidity were thought to be associated with mortality.
Lymphocyte, n (%)
>1x10%/L, 331 (56.87) 321(58.68) 10 (28.57) CONCLUSION
<1x10%/L, 251 (43.13) 226 (41.32)  25(71.43) <0.001 CALL score achieved a significant predictor of mortality in
Age, n (%) COVID-19. Especially considering the pandemic conditions,
560 years, 272 (46.73) 246 (44.97) 26 (74.28) 0.001 the CALL model, which consists of only four clinical
parameters, helps the clinician in predicting mortality and
<60 years, 310 (53.27) 301(55.03) 9 (25.72) providing appropriate treatment with its high accuracy and
LDH, n (%) easy-to-use features. The ambiguity of results in several
<250 U/L, 150 (25.77) 144 (26.32) 6 (17.14) studies on CALL scores may vary due to sample sizes or
250-500 U/L, 365 (62.71) 345 (63.07) 20 (57.14) demographic differences. Nevertheless, prospective multi-
>500 U/L, 67 (11.51) 58 (10.61)  9(25.72) 0.01 centered studies in extensive demographic samples are
LDH: Lactate dehydrogenase needed to confirm the CALL score and reveal the role of
comorbidities.
Table 4. CALL score classification
Mortality Disease Severity p
CALL Score (Points) 23555(1:&3/ o iig%o(r&%) r':/l=02%e1r?ztt§.12%) ii\gf (56.87%)
Class A (4-6 s) n=113 (19.41%) 1(0.88) 112 (99.11) 74 (65.48) 39 (34.51) p<0.001
Class B (7-9 s) n=219 (37.62%) 7 (3.19) 212 (96.80) 108 (49.31) 111 (50.68)
Class C (10-13 s) n=250 (42.95%) 27 (10.8) 223 (89.2) 69 (27.6) 181 (72.4)
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