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Abstract

Objectives: Severe acute respiratory syndrome coronavi-
rus (SARS-CoV-2) is a novel coronavirus that causes
COVID-19. This disease is associatedwith leukocytosiswith
lymphopenia, neutrophilia, and elevated levels of D-dimer,
and C-reactive protein, ferritin, procalcitonin, and lactate
dehydrogenase. The aim of this study was to describe the
clinical and analytical characteristics of hospitalized pa-
tients with SARS-CoV-2 infection and to identify prognostic
factors of disease progression.
Methods: Patients were categorized into two groups based
on COVID-19 severity. Study variables included demographic
data, medical history, length of hospital stay, course of
pneumonia, drug therapy, and analytical parameters. A
descriptive and multivariate analysis was performed to
identify prognostic factors for disease severity.
Results: The study population included 197 patients, of
whom 127 had mild disease and 70 had severe COVID-19.
Statistically significant differences were observed in most
analytical parameters. The parameters included in the
multivariate analysis were advanced age and elevated
levels of leukocytes, CRP, GGT, and PCT at admission as
prognostic factors for disease severity.
Conclusions: The prognostic factors for the severity of
SARS-CoV-2 infection identified in this study (age, leukocytes,
CRP, GGT, and PCT) will help predict the course of the disease
at an early stage.

Keywords: coronavirus; COVID-19; infection; laboratory;
SARS-CoV-2; severity.

Introduction

SARS-CoV-2 is a novel coronavirus of the Coronaviridae
family thatwas first identified in humanswith symptoms of

viral pneumonia in Wuhan, China, in January 2020. This

virus belongs to the betacoronavirus gender, which also

includes severe acute respiratory syndrome coronavirus

(SARS-CoV) and Middle East respiratory syndrome-related

coronavirus (MERS-CoV) [1]. On March 11, 2020, the World

Health Organization (WHO) declared it a global pandemic

[1, 2].
The disease caused by SARS-CoV-2 is known as

COVID-19, characterized by the presence of fever, cough,
and dyspnea. However, patients with COVID-19 may
remain asymptomatic, and 20% develop severe symptoms
such as interstitial pneumonia and severe acute respiratory
syndrome. In addition, the disease may progress into res-
piratory failure with multiorgan failure and death, espe-
cially in elderly patients or patients with underlying
comorbidities. Therefore, the identification of diagnostic
and prognostic biomarkers of SARS-CoV-2 infection is
crucial [3, 4].

SARS-CoV-2 infection activates the innate immune
system, triggering an overreaction that leads to deregu-
lation of the cytokine cascade. These events cause
damage to the microvascular system, activate the coag-
ulation system and inhibit fibrinolysis. Patients with
COVID-19 exhibit elevated levels of proinflammatory
cytokines associated with T-cell decline, pulmonary
inflammation, and large pulmonary damage [5, 6]. A
variety of studies demonstrate elevated levels of acute
phase reactants, which leads to liver dysfunction,
inducing disseminated intravascular coagulation in pa-
tients with SARS-CoV-2 infection [6, 7].

As to analytical parameters, leukocytosis with lym-
phopenia, which is probably caused by translocation in
peripheral blood lymphocytes to the lungs, and neutro-
philia were frequently observed in COVID-19 patients.
Additionally, patients with SARS-CoV-2 infection showed
elevated levels of D-dimer, erythrocyte sedimentation rate,
C-reactive protein, ferritin, procalcitonin, transaminases,
bilirubin, creatinine, and lactate dehydrogenase. These
patients also exhibited reduced platelet and hemoglobin
count, and prolongation of prothrombin time [2, 5–8].
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The aim of this study was to describe the clinical and
analytical characteristics of hospitalized patients with
SARS-CoV-2 infection in the province of Seville, Spain, and
to identify prognostic factors for disease progression.

Materials and methods

Study design and population

This is a descriptive, retrospective, and cross-sectional study con-
ducted at Virgen de Valme University Hospital (Seville, Spain)
involving patients with SARS-CoV-2 infection admitted to the hospital
between March 14 and June 5, 2020. This study was carried out in
accordance with the principles of the Declaration of Helsinki and was
approved by the Ethics Committee of Sevilla Sur (No. 1447-N-20).

Inclusion criteria were: patients of all ages with SARS-CoV-2
infection confirmed by reverse transcription polymerase chain reac-
tion (RT-PCR) who required hospitalization. Patients with suspected
infection and negative RT-PCR results were excluded.

The patients included in the studywere classified into two groups
based on infection severity, as patients with mild disease (ward
admission) and patients with severe disease (ICU admission) and/or
death.

Data collection

Clinical data, nursing records, and laboratory results were collected
from the electronic medical records of patients. Two independent in-
vestigators reviewed all the data collected. The variables studiedwere:
– Demographic data: age and sex.
– Medical history: arterial hypertension, dyslipidemia, cardiovas-

cular disease, diabetes mellitus, chronic renal insufficiency,
cancer, vascular disease, pulmonary disease, thyroid disease,
liver disease, and anemia.

– Length of hospital stay (days), length of ICU stay, and course of
pneumonia.

– Drug therapy: hydroxychloroquine, lopinavir/ritonavir, cortico-
steroids, azithromycin, tocilizumab, interferon beta, cyclo-
sporine, and anakinra.

– Analytical parameters: leukocytes, lymphocytes, neutrophils,
hemoglobin, platelets, erythrocyte sedimentation rate (ESR),
prothrombin time (PT), activated partial thromboplastin time
(APTT), D-dimer, creatinine, total bilirubin, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), γ-glutamyl-
transferase (GGT), lactate dehydrogenase (LDH), C-reactive
protein (CRP), procalcitonin (PCT), and ferritin.

Laboratory tests

Blood samples were drawn and a nasopharyngeal specimen was ob-
tained from all patients included in the study. Blood was drawn by
venous puncture and stored in three different tubes: onewith EDTA for
blood cell counting and ESR on the Sysmex XN-2000 analyzer (Sys-
mex, Kobe, Japan); another tube with sodium citrate for the study of
PT, APTT, and D-dimer on the Sysmex CS-5100 analyzer (Sysmex,

Kobe, Japan) by immunoassay; and another tubewith lithium heparin
for the analysis of biochemistry in plasma on the Hitachi Cobas c702
modular analyzer (Roche Diagnostics, Rotkreuz, Switzerland): creat-
inine, total bilirubin, ALT, AST, GGT, and LDH by photometry, while
CRP, PCT, and ferritin were assayed by immunoturbidimetry.

The nasopharyngeal exudate was obtained using two throat
swabs impregnated with Copan eNATM for RT-PCR for SARS-CoV-2.
Viral ARN was extracted from samples using the pure compact RNA
isolation kit (Roche Diagnostics, Rotkreuz, Switzerland). A quantita-
tive RT-PCR was performed using primers and probes targeted to
SARS-CoV-2ORF1ab andN genes. In compliancewith the guidelines of
different centers for disease control and prevention, a specific
commercially-available kit was used for the detection of SARS-CoV-2
(VIASURE CerTest BIOTEC). Specific primers and a fluorescence probe
were employed. Samples were positive if an amplification signal was
detected on the detection system and internal control. Samples were
negative in the absence of any amplification signal on the detection
system and a positive result on internal control. The assay was
repeated in the presence of a negative control amplification signal or
in the absence of signal in the positive control.

Statistical analysis

Data analysis was performed using the SPSS Statistics 25.0 software
package (IBM, Chicago, USA). Categorical variables are described as
absolute values (n) and percentages (%). Comparison of these vari-
ables between groups was performed by Pearson’s Chi-square.
Continuous variables are expressed as mean values and inter-
quartile ranges (IQR). Comparisons were performed using Student’s
t-test for variables with normal distribution and Mann-Whitney U test
for variables with abnormal distribution. Normality of variables was
determined by the Kolmogorov–Smirnov test.

Univariate and multivariate analyses of prognostic factors were
performed by logistic regression. The multivariate analysis was based
on the backward stepwise method (conditional), including in the
initial step all the variables that showed a univariate association with
a p-value<0.05. A p-value>0.10 was established for sequential exclu-
sion of variables from the multivariate model. The risk of disease
progression assigned to each variable is expressed as odds ratio (OR),
next to the 95% confidence interval (CI).

Cut-off points for logistic regressionwere established on the basis
of the different values close to the cut-off point with the highest
Youden index. To such purpose, variables were dichotomized using
round cut-off points. The cut-off points used in logistic regressionwere
selected based on the cut-offs with the highest likelihood on the sta-
tistical model.

The area under the curve (AUC), sensitivity, and specificity of the
parameters included in logistic regression were analyzed by the
receiver operating characteristic curve (ROC). Level of significance
was set at a p value<0.05.

Results

The sample was composed of 197 patients with ages
ranging from 10 to 98 years old (median=72), of whom 97
were male and 100 were female. Sex-based distribution in
the two groupswas similar,whereas therewere statistically
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significant differences in age, being the median age in the
group of patientswithmild disease 67 years old vs. 78 in the
group of critical patients.

In total, 64.47% (127/197) had mild disease vs. 35.53%
(70/197) who had severe disease, of whom 49 died and 21
were admitted to the ICUwith endotracheal intubation. Out
of the patients who stayed in the ICU, 12 were discharged,
whereas nine died. In general, 29.44% (58/197) of patients
died. The most frequent cause of mortality was cardiac
arrest or acute respiratory distress (ARDS).

Arterial hypertension was the most common comor-
bidity (58.4%), followed by abnormal lipid profile (35.0%),
cardiovascular disease (28.9%), and diabetes mellitus
(27.4%). Statistically significant differences were observed
in chronic renal insufficiency, cancer, vascular disease,
and liver disease, being the incidence of these comorbid-
ities higher in the group of critical patients. Table 1 con-
tains the demographic data and medical history of
patients.

The mean length of hospital stay was eight days,
increasing to 27 days for ICU patients. Themedian length of
stay in the ICU was 20 days. A total of 83.8% of patients
developed bilateral community-acquired pneumonia
(CAP) secondary to SARS-CoV-2 infection. CURB-65 is an

index of severity used for CAP based on patient’s age,
confusion, respiratory rate, ureic nitrogen concentration,
and systolic and diastolic blood pressure. Most patients
with pneumonia had a CURB-65 of two points, although
this percentage was higher in critical patients (52.5%), as
compared to in patients with mild disease (34.9%)
(Table 2).

During admission, no data from controlled clinical
trials were available supporting the use of any specific
treatment for SARS-CoV-2. Therefore, the therapies
administered were under study and were used as estab-
lished in local protocols. The drug most frequently used in
COVID-19 patients during admission was hydroxy-
chloroquine (81.7%), followed by the combination of
lopinavir and ritonavir (47.7%) and the group of cortico-
steroids (29.4%). Azithromycin and tocilizumab were
reserved for patients with a poor prognosis who were
unresponsive to baseline therapy (Table 2).

Table 3 shows analytical results for the two groups.
There were statistically significant differences between the
two groups in hematological (leukocytes, neutrophils,
hemoglobin, ESR), hemostatic (PT, APTT, D-dimer), and
biochemical (creatinine, total bilirubin, GGT, LDH, CRP,
PCT, ferritin) parameters. There were no statistically sig-
nificant differences between the two groups in the
following analytical parameters: lymphocytes, platelets,
and transaminases (ALT and AST).

In the multivariate analysis, the parameters at admis-
sion most strongly associated with severity of SARS-CoV-2
infection were age≥70 years (OR=2,277; IC 95% 1,022–
5,076), leukocytes≥9.5 × 109/L (OR=6,577; IC 95% 2,605–
16,608), CRP≥90 mg/L (OR=2,779; 95%CI 1,299–5,949),
GGT≥30 U/L (OR=2,440; 95%CI 1,062–5,604), and

Table : Demographic data and clinical characteristics of patients.

Total
n=

Mild
n=

Critical
n=

p-
Value

Age, years, median (IQR) 

(–)


(–)


(–)
.

Sex (man/woman) / / / .
Comorbidities, n (%)
Arterial hypertension 

(.)


(.)


(.)
.

Dyslipidemia  (.) 

(.)


(.)
.

Cardiovascular disease  (.) 

(.)


(.)
.

Diabetes mellitus  (.) 

(.)


(.)
.

Chronic renal
insufficiency

 (.)  (.) 

(.)
.

Cancer  (.)  (.) 

(.)
.

Vascular disease  (.)  (.) 

(.)
.

Pulmonary disease  (.)  (.)  (.) .
Thyroid disease  (.)  (.)  (.) .
Liver disease  (.)  (.) 

(.)
.

Anemia  (.)  (.)  (.) .

IQR, interquartile ranges.

Table : Progression to pneumonia and treatment administered.

Total
n=

Mild
n=

Critical
n=

Pneumonia, n (%)  (.)  (.)  (.)
CURB-=  (.)  (.)  (.)
CURB-=  (.)  (.)  (.)
CURB-=  (.)  (.)  (.)
CURB-=  (.)  (.)  (.)

Treatment, n (%)
Hydroxychloroquine  (.)  (.)  (.)
Lopinavir/Ritonavir  (.)  (.)  (.)
Corticosteroids  (.)  (.)  (.)
Azithromycin  (.)  (.)  (.)
Tocilizumab  (.)  (.)  (.)
Interferon β  (.)  (.)  (.)
Ciclosporin  (.)  (.)  (.)
Anakinra  (.)  (.)  (.)
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PCT≥0.5 ng/mL (OR=11,590; 95%CI 3,439–39,054). On the
logistic regression model, PCT showed the highest coeffi-
cient, followed by leukocyte count.

The univariate analysis also identified PCT as the
parameter most strongly associated with severity of
SARS-CoV-2 infection (OR=21.750; 95%CI 7.215–65.571).
Table 4 shows the results of logistic regression.

The ROC curve of the prognostic factors for severity
included in the multivariate analysis is shown in Figure 1,
whereas the AUC is displayed in Table 5.

The cut-off points with the highest Youden index ob-
tained from the ROC curve were: age≥67 years (sensitivity
75.7% and specificity 52.0%), leukocytes≥9.44 × 109/L
(sensitivity 47.1% and specificity 91.3%), CRP≥90.5 mg/L

Table : Analytical results at admission.

Total
n=

Mild
n=

Critical
n=

p-Value

Analytical parameters (median, IQR)
Leukocytes, ×/L . (.–.) . (.–.) . (.–.) <.
Lymphocytes, ×/L . (.–.) . (.–.) . (.–.) .
Neutrophils, ×/L . (.–.) . (.–.) . (.–.) <.
Hemoglobin, g/L  (–)  (–)  (–) .
Platelets, ×/L  (–)  (–)  (–) .
ESR, mm/h  (–)  (–)  (–) .
PT, s . (.–.) . (.–.) . (.–.) .
APTT, s . (.–.) . (.–.) . (.–.) .
D-dimer, mg/L . (.–.) . (.–.) . (.–.) <.
Creatinine, µmol/L . (.–.) . (.–.) . (.–.) .
Total bilirubin, µmol/dL . (.–.) . (.–.) . (.–.) .
ALT, U/L . (.–.) . (.–.) . (.–.) .
AST, U/L  (–)  (–)  (–) .
GGT, U/L  (–)  (–)  (–) .
LDH, U/L  (–)  (–)  (–) .
CRP, mg/L . (.–.) . (.–.) . (.–.) <.
PCT, ng/mL . (.–.) . (.–.) . (.–.) <.
Ferritin, µg/L  (–,)  (–)  (–,) .

ESR, erythrocyte sedimentation rate; PT, prothrombin time; APTT, activated partial thromboplastin time; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, γ-glutamyltransferase; LDH, lactate dehydrogenase; CRP, C-reactive protein; PCT, procalcitonin.

Table : Logistic regression of prognostic factors of severity.

Univariate analysis Multivariate analysis

β OR %CI p-Value β OR %CI p-Value

Age, years
<  (ref)  (ref)
≥ . . (.–.) <. . . (.–.) .

Leukocytes, ×/L
<.  (ref)  (ref)
≥. . . (.–.) <. . . (.–.) <.

CRP, mg/L
<  (ref)  (ref)
≥ . . (.–.) <. . . (.–.) .

GGT, U/L
<  (ref)  (ref)
≥ . . (.–.) . . . (.–.) .

PCT, ng/mL
<.  (ref)  (ref)
≥. . . (.–.) <. . . (.–.) <.

OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; GGT, γ-glutamyltransferase; PCT, procalcitonin.
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(sensitivity 67.1% and specificity 70.1%), GGT≥28 U/L
(sensitivity 75.7% and specificity 47.2%), and PCT≥0.19 ng/
mL (sensitivity 70.0% and specificity 87.4%).

Discussion

This study identifies prognostic factors for the progression
of SARS-CoV-2 infection in hospitalized patients. More
specifically, an advanced age (≥70 years), elevated levels of
leukocytes (≥9.5 × 109/L) and elevated concentrations of
CRP (≥90 mg/L), GGT (≥30 U/L), and PCT (≥0.5 ng/mL) at
admission were found to be associated with a higher risk
for COVID-19 progression to severe disease.

Different mean or median ages of patients with SARS-
CoV-2 infection are reported in previous studies, ranging
from 47 to 62 years, and hypertension has been reported to
be the most common comorbidity [9, 10]. In this study, the
median age of inpatients with SARS-CoV-2 infection was 72
years, and more than half of the patients (58.4%) had hy-
pertension (Table 1). More specifically, different studies

identify advanced age as an important predictor of mor-
tality in SARS-CoV andMERS-CoV. This study confirms that
an advanced age is associated with a severe prognosis of
SARS-CoV-2 infection [9–11].

The results of this study indicate that patients with a
severe prognosis exhibited a higher leukocyte count and
PCT concentrations. This is consistent with previous studies
suggesting that the innate immune system of patients who
end up dying is weakened due to a bacterial or viral con-
dition secondary to SARS-CoV-2 infection, which causes an
increase in blood cell count. Despite PCT synthesis is
inhibited by interferon gamma, secreted in viral infections,
elevated levels of this biomarker at admission indicate a
higher risk of developing a bacterial infection [12, 13].

CRP is an acute phase reactant that is generally used as
an inflammatory marker in clinical practice. It is synthe-
sized in the liver under transcriptional control by
interleukin-6, originated in the focus of inflammation. Data
has been provided of elevated levels of CRP as a prognostic
marker of severity of SARS-CoV-2 infection, as it is associ-
ated with progression of pulmonary infiltrates [9–11].

A variety of studies have been published revealing
liver function alterations in patients with a severe SARS-
CoV-2 infection [14–16]. This finding suggests that he-
patocytes and cholangiocytes are potential targets of
SARS-CoV-2 infection, as they express the ECA2 receptor,
which is directly attacked by the virus. In addition, pa-
tients with previous liver dysfunction have been
demonstrated to be more susceptible to this infection,
because they have a high ECA2 expression, which re-
quires close monitoring of liver function [14, 15]. Con-
centrations of biochemical indicators, including GGT, at
admission are higher in critical patients, which is
consistent with previous studies [15, 16].

Although CURB-65 is used to predict mortality in pa-
tients with CAP, most patients with pneumonia had 0–2
points on this scale (low/intermediate risk), including pa-
tientswhowere, admitted to the ICU, or died. Only 22.0%of
critical patients had a CURB-65 of three points (high risk).
This suggests that the CURB-65 scale may not be appro-
priate to predict COVID-19 severity [17].

The prognostic factors for the severity of COVID-19
described above have the advantage that they are routinely
assayed in clinical practice and can be assessed in all
hospitals, which ensures a rapid and easy provision of
analytical results.

A limitation of this study is that high leukocyte, CRP,
GGT, and PCT concentrations can be found in other in-
flammatory or infectious diseases. In addition, the rela-
tively small sample size may result in bias. A large and

Figure 1: ROC curve of prognostic factors for severity.

Table : Area under the curve of prognostic factors for severity.

AUC %CI p-Value

Age . .–. .
Leukocytes . .–. <.
CRP . .–. <.
GGT . .–. .
PCT . .–. <.

AUC, area under the curve; CI, confidence interval; CRP, C-reactive
protein; GGT, γ-glutamyltransferase; PCT, procalcitonin.
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multicentric study would be necessary to confirm the re-
sults obtained in this study.

In conclusion, an advanced age and elevated levels of
leukocytes, CRP, GGT, and PCT at admission are predictors
for the severity of SARS-CoV-2 infection and can be used to
predict the course of COVID-19 at initial stages. This will
help to optimize the management of patients according to
their prognosis.
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