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Background: Coronavirus disease 2019 (COVID-19) has resulted in millions of mortality cases and significant incremental costs to
the healthcare system. Examination of CRP and D-dimer were considered to have higher costs, and the use of simple hematological
parameters such as lymphocyte, neutrophil, and white blood cell (WBC) which have more affordable costs would be cost-saving.
Radiological imaging complements clinical evaluation and laboratory parameters for managing COVID-19 patients. Therefore,
categorizing patients into severe or non-severe becomes more defined, allowing for earlier interventions and decisions of hospital
admission or being referred to a tertiary hospital.
Purpose: To evaluate the variables correlated with poor outcomes in COVID-19 patients.
Patients and Methods: This was a retrospective study on COVID-19 patients in a secondary referral hospital in treating COVID-19
in Indonesia. Demographic, clinical data, laboratory parameters, CXR (analyzed using a modified scoring system), and prognosis were
collected through electronic nursing and medical records.
Results: This study included 476 hospitalized COVID-19 patients. Severe patients were commonly found with older age (median of
57 vs 40), dyspnea (percentage of 85.2% vs 20.5%), higher CXR score (median of 7 vs 5), higher levels of neutrophil (median of 79.9
vs 68.3), and lower lymphocyte levels (median of 13.4 vs 22.7), compared to non-severe patients. These variables were known to
increase the odds of severe disease. Older age (median of 57 vs 48), SpO2 <94% room air (percentage of 87.4% vs 31.5%), higher
CXR score (median of 8 vs 5), and higher respiratory rate (median of 25 vs 20) were found higher in death patients and were known to
increase the odds of death outcome.
Conclusion: The simple blood tests (neutrophil and lymphocyte) and modified CXR scoring system are useful in risk stratification for
severe disease and mortality in COVID-19 patients to decide the earlier interventions and treatment.
Keywords: modified chest x-ray, prognosis of COVID-19, secondary hospital, simple blood tests

Introduction
A current global pandemic of coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has spread rapidly and become a public health challenge all over the world.1 As of
30 January 2022, over 370 million confirmed cases and over 5.6 million deaths have been reported globally.2 The current
COVID-19 pandemic is a complex challenge that has stretched health services globally, including Indonesia is currently
experiencing a surge of cases of COVID-19. Thousands of deaths rapidly caused by this disease have put the national
health system under pressure.3,4 Evidence of variables correlated with poor outcomes could assist medical staff in
triaging patients when allocating limited health-care resources, especially in a secondary hospital.5
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The rapid increasing patients with COVID-19 seeking admission to the emergency installation (cause lack of
available resources). With the limited evidence of associated variables which can help determine the severity of the
disease progression in COVID-19 patients, prioritizing hospital admission of non-critical patients was an arduous task.
The criteria for hospital admission included the clinical symptoms of COVID-19, the presence of respiratory symptoms,
and the level of blood oxygenation.6 During the examination, these subjective clinical symptoms can be interpreted more
confidently with the use of biological markers (biomarkers). These provide objective values throughout the progression
of the disease.7

Laboratory biomarkers to forecast the severity of COVID-19 are essential in a pandemic because resource allocation
must be carefully planned, especially in the context of respiratory support readiness.8 Increased CRP and D-dimer
correlated with poor outcomes, including severe COVID-19 and mortality.8–10 However, as has been known that COVID-
19 has already resulted in significant incremental costs to the healthcare system.11 The examination of CRP and D-dimer
were considered to have higher costs, and the use of simple hematological parameters such as lymphocyte, neutrophil,
and white blood cell (WBC) which have more affordable costs would be cost-saving and become a routine test for every
hospitalized patient. As has been reported in the previous study that lower lymphocyte counts and higher levels of WBC
count at admission were significantly correlated with death in COVID-19 patients.12,13

Chest radiography has limited sensitivity and specificity for the identification of patients with SARS-CoV-2 infection
but can help identify patients with the disease. The severity of lung involvement at chest radiography in SARS-CoV-2
infection is closely correlated with many key outcomes for patients, including intensive care unit (ICU) admission and
death. Several scoring systems for assessing the severity of lung involvement in SARS-CoV-2 infection have been
described in the literature. The most widely used and studied systems include Brixia and radiographic assessment of lung
edema (RALE/modified RALE).14 However, the lack of availability of digital imaging of chest X-ray (CXR) in the
secondary hospital is a challenge. CXR may not be as sensitive as CT, but it still plays a major role in developing
countries that lack more sophisticated modalities. Henceforth, a modified scoring system has been adopted from Brixia
and RALE scoring systems demonstrated by Setiawati et al is very useful.15

Effective biomarkers would be helpful for screening, clinical management, and prevention of serious complications.16

Radiological imaging complements clinical evaluation and laboratory parameters for managing COVID-19 patients.17

Therefore, categorizing patients into severe or non-severe becomes more defined, allowing for earlier interventions and
decisions of hospital admission. Although CRP and D-dimer have been reported to correlate with poor outcome, the
higher costs of CPR and D-dimer examination has resulted in significant pressure on the healthcare system.8–11 This
study was conducted to evaluate the variables correlated with poor outcomes (severity and mortality of COVID-19) to
find the simple variables which are more cost-effective to determine the risk stratification for severe disease and outcome
of death in COVID-19 patients.

Materials and Methods
Study Design and Ethical Statement
This was a retrospective study in patients with confirmed COVID-19 in Petrokimia Gresik Hospital, a secondary referral
hospital for treating COVID-19 from March 2020 to October 2021. This study was approved by the ethics committee
with ethical clearance number 49/EC/KEPK/FKUA/2022. This study was conducted in accordance with the Declaration
of Helsinki. All participants included had given their written informed consent to participate in this study during
admission. In cases of decreased consciousness and severe illness, written informed consent was represented by next
of kin.

Data Collection and Study Definition
Demographic, clinical data, laboratory parameters, chest X-ray (CXR), and prognosis (outcome) were collected through
electronic nursing and medical records using a standardized data collection form. Inclusion criteria included confirmed
COVID-19 with age ≥18 years old. Exclusion criteria included patients with incomplete medical record data. Confirmed
cases were defined as consistent with clinical manifestations, and microbiological evidence for SARS-CoV-2 by real-time
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reverse transcription-polymerase chain reaction (RT-PCR) assay. The severity of COVID-19 was defined as severe (SpO2

<94% on room air) and non-severe (SpO2 ≥94% on room air). The laboratory parameters we evaluate included C-reactive
protein (CRP), white blood cell (WBC), D-dimer, neutrophil, lymphocyte, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT). CXR score used the modified CXR scoring system by Setiawati et al with the maximum score
for the Modified Chest X-ray scoring system being 12. The final scores were then classified further into mild (score 1–4),
moderate (score 5–8) and severe (score 9–12).15

Data Analysis
Results of continuous data were analyzed for Tests of Normality with Kolmogorov–Smirnov Tests. Continuous data were
expressed as median (minimum-maximum) and compared by the Mann–Whitney test. Categorical variables were
expressed as numbers (percentages) and compared by Chi-square tests or Fisher’s exact test. Logistic regression analysis
was used to explore the risk factors associated with severity and mortality. Logistic regression between all variables with
and without CRP, D-dimer, and AST/ALT were compared. This was to evaluate the results when CRP, D-dimer, and
AST/ALT were not examined to reduce the costs. Statistical analyses were performed using SPSS (v.21.0 by IBM
Corporation, New York, United States), and a P-value <0.05 was considered statistically significant.

Results
Characteristics of Study Subjects
This study included 476 hospitalized patients with confirmed COVID-19. The median age was 52 years, ranging from 19
to 81 years. The severe group was significantly older than non-severe group, with a median age of 57 years (24–81 years)
vs 40 years (19–79 years), P < 0.001. Co-morbidities were also found higher in severe group than non-severe group,
including diabetes mellitus (36.9% vs 18.3%, P < 0.001), hypertension (37.4% vs 14.3%, P < 0.001), cardiovascular
disease (21.7% vs 7%, P < 0.001), and renal disease (6.4% vs 2.6%, P = 0.039).

COVID-19 Patients According to the Severity Disease
Compared to the non-severe group, the severe group was more common to report dyspnea or shortness of breath, fever,
cough, nausea, fatigue, and loss of appetite with P < 0.001, 0.001, <0.001, 0.005, <0.001, and <0.001, respectively. CXR
score in the severe group was also found higher, compared to the non-severe group with a median score of 7 (1–12) vs 5
(1–11), P < 0.001. The classified final score of CXR into the severe category also accounted higher in the severe group
than the non-severe group with 36% vs 8.8%, P < 0.001. Results of laboratory tests also showed numerous differences
between the severe group and non-severe group, including CRP, D-dimer, WBC, neutrophil, lymphocyte, AST, and ALT.
These results are presented in Table 1.

COVID-19 Patients According to Treatment Outcome
The mortality rate in this study was 95/476 (20%). Patients with the outcome of death were found to have older age,
compared to discharge patients, with a median age of 57 years vs 48 years, P < 0.001. Patients with the outcome of death
were also more likely to have co-morbidities of diabetes mellitus, hypertension, and cardiovascular disease. According to
the severity of CXR, severe lung lesion in the death group has a higher percentage than discharge group (44.2% vs
14.4%, P < 0.001). Compared to discharge patients, patients with the outcome of death have a lower level of
lymphocytes and higher levels of CRP, D-dimer, WBC, neutrophil, and AST (Table 2).

Logistic Regression Analysis for Severe Disease and Mortality
Results of logistic regression analysis (Table 3) revealed that although CRP, D-dimer, and AST/ALT were not performed,
parameters of neutrophil and lymphocyte could be used to evaluate the risk for severe disease. Older age (OR 1.06, 95%
CI 1.04–1.09), dyspnea (OR 12.82, 95% CI 7.24–22.69), higher CXR score (OR 1.18, 95% CI 1.06–1.33), higher levels
of neutrophil (OR 1.18, 95% CI 1.08–1.29), and lower lymphocyte levels (OR 1.17, 95% CI 1.06–1.29) were
significantly positively correlated with severe disease in patients with COVID-19.
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Table 1 Characteristics of COVID-19 Patients According to the Severity Disease

Variable Severe (n = 203) Non Severe (n = 273) P-value

Age (years) 57 (24–81) 40 (19–79) <0.001
(Median (min-max))

Sex 0.519

Men 122 (60.1%) 172 (63%)
Women 81 (39.9%) 101 (37%)

Co-morbid

Diabetes mellitus 75 (36.9%) 50 (18.3%) <0.001

Hypertension 76 (37.4%) 39 (14.3%) <0.001

Asthma 5 (2.5%) 3 (1.1%) 0.252

Tuberculosis 5 (2.5%) 2 (0.7%) 0.121

Cardiovascular disease 44 (21.7%) 19 (7%) <0.001

Liver disease 6 (3%) 7 (2.6%) 0.795

Renal disease 13 (6.4%) 7 (2.6%) 0.039

HIV 1 (0.5%) 1 (0.4%) 1.000

Sign and symptoms

Dyspnea 173 (85.2%) 56 (20.5%) <0.001

Fever 135 (66.5%) 140 (51.3%) 0.001

Cough 165 (81.3%) 170 (62.3%) <0.001

Congestion or runny nose 61 (30%) 72 (26.4%) 0.377

Sore throat 24 (11.8%) 37 (13.6%) 0.576

Nausea 87 (42.9%) 83 (30.4%) 0.005

Vomit 37 (18.2%) 38 (13.9%) 0.202

Headache 49 (24.1%) 80 (29.3%) 0.210

Fatigue 113 (55.7%) 82 (30%) <0.001

Loss of appetite 110 (54.2%) 70 (25.6%) <0.001

Diarrhea 16 (7.9%) 15 (5.5%) 0.297

Loss of smell (anosmia) 38 (18.7%) 61 (22.3%) 0.335

Loss of taste (ageusia) 25 (12.3%) 29 (10.6%) 0.565

CXR score 7 (1–12) 5 (1–11) <0.001

(Median (min-max))

Severity CXR <0.001

Severe 73 (36%) 24 (8.8%)
Moderate 99 (48.8%) 114 (41.8%)

Mild 31 (15.3%) 135 (49.5%)

(Continued)

https://doi.org/10.2147/IJGM.S367305

DovePress

International Journal of General Medicine 2022:155894

Soedarsono et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In terms of CRP, D-dimer, and AST/ALT were not performed, variables correlated with the outcome of death in
COVID-19 patients were older age (OR 1.03, 95% CI 1.01–1.06), SpO2 <94% room air (OR 3.04, 95% CI 1.38–6.69),
higher CXR score (OR 1.14, 95% CI 1.02–1.27), and higher respiratory rate (OR 1.11, 95% CI 1.05–1.18). This is
presented in Table 4.

Discussion
Patients with SARS-CoV-2 infection can experience a range of clinical manifestations, from no symptoms to critical
illness.18 Efficient diagnosis and information on the prognosis of the disease are needed to mitigate the burden on the
healthcare system as well as to provide the best possible care for patients.5 The availability of variables correlated
with severe disease and mortality would be beneficial, not only to triage patients but also to monitor hospitalized
patients.6

In this current study, older age increased the risk for severe disease (OR 1.06, 95% CI 1.04–1.09) and outcome of
death (OR 1.03, 95% CI 1.01–1.06), according to Tables 3 and 4. Another hospital-based retrospective cohort study by
Surendra et al also reported that the risk of death was associated with higher age, while a systematic review with the
meta-analysis by Starke et al reported that the risk for severe COVID-19 (hospitalization) and case mortality increased
along with increasing age. There was no evidence of a specific age threshold at which the risk accelerates considerably.
The confidence of evidence was high for mortality and hospitalization.19,20 Sex was not correlated both with severe
disease and outcome of death in our study. Du et al also reported no correlation between sex and mortality, while
Surendra et al reported that male sex is the risk factor for death outcome.19,21

Dyspnea, fever, cough, fatigue, and loss of appetite were more commonly reported in patients with severe disease and
the outcome of death (Tables 1 and 2). A previous study also reported higher rates of upper respiratory symptoms,
dyspnea, muscle pain, and gastrointestinal symptoms in mortality cases of COVID-19.22 Common clinical features
include major symptoms such as fever, cough, dyspnea, and minor symptoms such as altered sense of smell and taste,
gastrointestinal symptoms, and cutaneous manifestations.23 Result of regression analysis revealed that dyspnea was the
only symptom that correlated with severe disease (12.82, 95% CI 7.24–22.69) (Table 3). Booth et al also reported
dyspnea as the risk of severe outcomes (OR 8.68, 95% CI 8.25–9.11).23

In our emergency installation, measurement of SpO2 and respiratory rate was one of the basic tests to categorize
patients into severe or non-severe. Besides, simple blood tests and CXR results were also used to make earlier
interventions and decisions on COVID-19 management. Information on demographic, clinical symptoms and co-
morbidities were used for early assessment. This current study showed that vital measures included SpO2 <94% room

Table 1 (Continued).

Variable Severe (n = 203) Non Severe (n = 273) P-value

Laboratory findings
(Median (min-max))

C-reactive protein 52.7 (1.2–321.7) 18.3 (0.15–249) <0.001

D-dimer 790 (0.1–9370) 0.75 (0.03–5137) <0.001

WBC 7.8 (3.1–41.8) 6.5 (1.9–48.3) <0.001

Neutrophil 79.9 (20.1–95.7) 68.3 (24.9–93.9) <0.001

Lymphocyte 13.4 (1.2–75.4) 22.7 (0.1–49.4) <0.001

AST 60 (15–567) 35 (10–1248) <0.001

ALT 42 (8–555) 33 (4–727) <0.001

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CXR, chest x-ray; HIV,
human immunodeficiency virus; WBC, white blood cell.
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Table 2 Characteristics of COVID-19 Patients According to the Final Outcome

Variable Death (n = 95) Discharge (n = 381) P-value

Age
(Median (min-max)) 57 (30–81) 48 (19–79) <0.001

Sex 0.755
Men 60 (63.2%) 234 (61.4%)
Women 35 (36.8%) 147 (38.6%)

Co-morbid

Diabetes mellitus 40 (42.1%) 85 (22.3%) <0.001

Hypertension 39 (41.1%) 76 (19.9%) <0.001

Asthma 0 (0%) 8 (2.1%) 0.367

Tuberculosis 1 (1.1%) 6 (1.6%) 1.000

Cardiovascular disease 23 (24.2%) 40 (10.5%) <0.001

Liver disease 4 (4.2%) 9 (2.4%) 0.302

Renal disease 7 (7.4%) 13 (3.4%) 0.092

HIV 0 (0%) 2 (0.5%) 1.000

Sign and symptoms

Dyspnea 83 (87.4%) 146 (38.3%) <0.001

Fever 64 (67.4%) 211 (55.4%) 0.034

Cough 76 (80%) 259 (68%) 0.024

Congestion or runny nose 36 (37.9%) 97 (25.5%) 0.021

Sore throat 8 (8.4%) 53 (13.9%) 0.173

Nausea 34 (35.8%) 136 (35.7%) 1.000

Vomit 17 (17.9%) 58 (15.2%) 0.523

Headache 21 (22.1%) 108 (28.3%) 0.221

Fatigue 55 (57.9%) 140 (36.7%) <0.001

Loss of appetite 55 (57.9%) 125 (32.8%) <0.001

Diarrhea 9 (9.5%) 22 (5.8%) 0.191

Loss of smell (anosmia) 18 (18.9%) 81 (21.3%) 0.619

Loss of taste (ageusia) 13 (13.7%) 41 (10.8%) 0.422

SpO2 <94% room air 83 (87.4%) 120 (31.5%) <0.001

Respiratory rate 25 (15–60) 20 (15–40) <0.001
(Median (min-max))

CXR score 8 (2–12) 5 (1–12) <0.001
(Median (min-max))

(Continued)
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air (OR 3.04, 95% CI 1.38–6.69) and higher respiratory rate (OR 1.11, 95% CI 1.05–1.18) were correlated with the
outcome of death. Previous studies in COVID-19 patients also reported respiratory rate and SpO2 as the risk for poor
outcome.22,23

Table 2 (Continued).

Variable Death (n = 95) Discharge (n = 381) P-value

Severity CXR <0.001

Severe 42 (44.2%) 55 (14.4%)
Moderate 40 (42.1%) 173 (45.4%)

Mild 13 (13.7%) 153 (40.2%)

Laboratory findings
(Median (min-max))

C-reactive protein 53.2 (9.3–321.7) 38.1 (0.15–201.5) <0.001

D-dimer 1120 (0.1–9370) 3.29 (0.03–5192) <0.001

WBC 8.3 (3.3–41.8) 6.6 (1.9–48.3) <0.001

Neutrophil 80.9 (42.3–95.7) 72.5 (20.1–95.2) <0.001

Lymphocyte 12.6 (1.2–55.7) 20.4 (0.1–75.4) <0.001

AST 67 (17–1248) 39 (10–501) <0.001

ALT 38 (8–727) 36 (4–495) 0.110

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CXR, chest x-ray; HIV,
human immunodeficiency virus; WBC, white blood cell.

Table 3 Logistic Regression Analysis for Severe Disease

Variables OR 95% CI

Included all variables

Older age 1.06 1.03–1.08

Dyspnea 10.61 5.94–18.92

CXR score 1.16 1.04–1.31

Lymphocyte 1.17 1.06–1.30

D-dimer 1.00 1.00–1.01

Neutrophil 1.18 1.08–1.29

CRP, D-dimer, and AST/ALTwere not performed

Older age 1.06 1.04–1.09

Dyspnea 12.82 7.24–22.69

CXR score 1.18 1.06–1.33

Neutrophil 1.18 1.08–1.29

Lymphocyte 1.17 1.06–1.29

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP,
c-reactive protein; CXR, chest x-ray; CI 95%, confidence interval 95%; OR, odds ratio.
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Many studies reported diabetes, chronic kidney disease, and hypertension as risk factors for mortality in COVID-19
patients.19,24,25 However, although diabetes mellitus, hypertension, and cardiovascular disease were more common
significantly in patients with severe disease and outcome of death, those co-morbidities were not correlated with
increased risk of severe disease and outcome of death in our study. The management of COVID-19 patients with co-
morbidity using appropriate medical care is an imperative step towards their survival.26 Implementation of adequate
protection and interventions for COVID-19 patients in general and in particular having co-morbidities may significantly
reduce the risk of mortality associated with COVID-19.27 Previous study in South Korea found that patients with non-
allergic asthma had a greater risk of SARS-CoV-2 test positivity and worse clinical outcomes of COVID-19 than patients
with allergic asthma.28 However, asthma in severe patients and non-severe patients was not significantly different in our
study. In the routine examination in our hospital, patients with asthma are not distinguished between allergic asthma and
non-allergic asthma in our hospital. Therefore, it is not written in the medical record.

Laboratory markers have been proposed for risk stratification.8 Regression analysis in our study showed that a higher
level of D-dimer (OR 1.00, 95% CI 1.00–1.01) was correlated with risk for severe disease. While in terms of CRP,
D-dimer, and AST/ALT were not performed, identified variables correlated with risk for the severe disease were older
age, dyspnea, higher CXR score and higher levels of neutrophils, and lower lymphocyte levels (Table 3). This result
suggested that the examination of neutrophils and lymphocytes could also be used in risk stratification for severe disease.
Identified biomarkers included hematological (lymphocyte count, neutrophil count, neutrophil-lymphocyte ratio), inflam-
matory C-reactive protein (CRP), and biochemical (D-dimer, aspartate aminotransferase) have been identified as
correlated with poor outcome, including severe COVID-19 and mortality.8–10,16

Characteristics of hyper inflammation which consist of elevated serum CRP and D-dimer were also found in critically
ill patients.8 D-dimer is commonly elevated in patients with COVID-19. D-dimer levels correlate with disease severity
and are a reliable prognostic marker for in-hospital mortality in patients admitted for COVID-19.10 In logistic regression
analysis for the outcome of death, CRP (OR 1.01, 95% CI 1.00–1.02), D-dimer (OR 1.00, 95% CI 1.00–1.00), and AST
(OR 1.00, 95% CI 1.00–1.06) were correlated with increased odds of mortality (Table 4). In terms of CRP, D-dimer, and
AST/ALT were not performed, older age, SpO2 <94% room air, higher CXR score, and higher respiratory rate were
correlated with increased odds of mortality in our study (Table 4).

Table 4 Logistic Regression Analysis for Outcome of Death

Variables OR 95% CI

Included all variables

Older age 1.03 1.00–1.06

SpO2 <94% room air 3.55 1.61–7.83

Respiratory rate 1.10 1.03–1.17

CRP 1.01 1.00–1.02

D-dimer 1.00 1.00–1.00

AST (SGOT) 1.00 1.00–1.06

CRP, D-dimer, and AST/ALTwere not performed

Older age 1.03 1.01–1.06

SpO2 <94% room air 3.04 1.38–6.69

CXR score 1.14 1.02–1.27

Respiratory rate 1.11 1.05–1.18

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP,
c-reactive protein; CXR, chest x-ray; CI 95%, confidence interval 95%; OR, odds ratio.
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Radiological examination is reported to play an important role in the diagnosis of COVID-19.15 Imaging has been
also considered to complement clinical evaluation and laboratory parameters in the management of patients already
diagnosed with COVID-19.29 The use of a modified CXR scoring system in our study showed that higher CXR score was
correlated with increased odds for severe disease in our study (OR 1.16, 95% CI 1.04–1.31) and odds for outcome of
death (OR 1.14, 95% CI 1.02–1.27), as presented in Table 4. A previous study reported that this modified score system is
significantly correlated with the clinical severity of the disease, although its correlation coefficient was lower than the
Brixia score and RALE score.15 CXR findings are very good predictors for assessing the course of COVID-19 disease
and they could be used for long-term consequences monitoring.30 CXR scoring system using RALE score was correlated
with risk for mortality (OR 6.82, 95% CI 2.07–22.44).31 This modified scoring system can help determine the severity of
the disease progression in COVID-19 patients, especially in areas with shortages of facilities and specialists.15

According to the finding of this study, we concluded that to determine the risk stratification for poor outcomes, the
examination of CRP and D-dimer can be replaced with simple blood tests (including neutrophil and lymphocyte
examination) which were more cost-effective. The modified CXR scoring system could also be used to make it easier
while reading the results, especially in the secondary hospital with the lack of availability of digital imaging of CXR. The
limitations of this study: the examination of procalcitonin as a marker of inflammation caused by bacterial co-infection
was not performed in all patients, especially in non-severe COVID-19 patients. While in some other studies, it was
reported that procalcitonin could be used as a predictor for severity or mortality.

Conclusion
Older age, dyspnea, higher CXR score, higher levels of neutrophil, and lower lymphocyte levels were variables
correlated with severe disease in patients with COVID-19. Variables correlated with the outcome of death in COVID-
19 patients were older age, SpO2 <94% room air, higher CXR score, and higher respiratory rate. We suggested that the
simple blood tests (including neutrophil and lymphocyte examination) and modified CXR scoring system are useful in
risk stratification for severe disease and mortality in COVID-19 patients, and can be used as a parameter in referring
patients to the hospitals with better facilities.

Abbreviations
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ED, emergency department; COVID-19, coronavirus
disease-2019; CRP, c-reactive protein; CXR, chest x-ray; ICU, intensive care unit; OR, odds ratio; CI, confidence
interval; RALE, radiographic assessment of lung edema; RT-PCR, real-time reverse transcription-polymerase chain
reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; WBC, white blood cell.
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