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A B S T R A C T   

Aims: Coronavirus disease 2019 (COVID-19), which is a highly contagious disease, is an ongoing outbreak 
worldwide with high morbidity and mortality. The approaches targeting the autophagy processes might have 
promising diagnostic and therapeutic values against Coronavirus infection. Here, we aimed to investigate the 
relationship of Beclin-1 (BECN1), an autophagy-related protein, with blood parameters and the clinical severity 
in patients with COVID-19. 
Materials and methods: We enrolled 108 patients with COVID-19 and 21 healthy controls in this study, from 
September 2020 to January 2021 and divided all patients into two groups according to the severity of the dis-
ease: The non-severe group and the severe group. BECN1 levels and blood parameters were measured with 
Enzyme-Linked Absorbent Assay and routine techniques, respectively. 
Key findings: Serum BECN1 levels were increased in patients with COVID-19 compared to the healthy controls, 
and its concentrations were significantly higher in the severe group than in the non-severe group (p < 0.001). 
BECN1 levels showed a significantly positive correlation with coagulation markers such as D-dimer and 
Fibrinogen (FIB) and inflammation markers such as C-reactive protein (CRP), Procalcitonin (PCT), Ferritin and 
biochemical markers such as Blood urea nitrogen and Lactate dehydrogenase (p < 0.001). We detected that areas 
under the ROC curve for BECN1, D-dimer, FIB, PCT, CRP and Ferritin were 0.8662, 0.9110, 0.8278, 0.9996 and 
0.9284, respectively (p < 0.0001). 
Significance: BECN1 may serve as a predictive biomarker in evaluating the disease severity of COVID-19. Our data 
suggest that BECN1 mediated-autophagy modulation might have a promising value in improving the clinical 
outcomes of COVID-19.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) is an unprecedented global 
health problem that mainly affects the respiratory and immune systems, 
and the ongoing outbreak of this highly contagious disease continues to 
cause an enormous burden on health care and economic systems 
worldwide [1]. The clinical spectrum of COVID-19 is broad, and most 
patients infected with Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) have a range of common symptoms, such as fever, cough, 
shortness of breath, and fatigue, while some of the COVID-19 patients 
are asymptomatic [2,3]. Severe illness and higher mortality rates are 
seen among older adults 60 and over age and patients with 

comorbidities including cardiovascular disease and diabetes [4]. 
Although recent efforts of scientists around the world increase our 
knowledge so far, many important questions about early diagnosis and 
effective treatment of COVID-19 are not responded yet. Therefore, the 
development of novel therapeutic and diagnostic approaches is urgently 
required to improve the clinical management of COVID-19. 

SARS-CoV-2, a recently identified single-strand RNA virus, is a 
highly pathogenic agent responsible for a current pandemic of COVID- 
19 [4]. Previous studies revealed that coronaviruses use various 
cellular mechanisms, such as autophagy to enhance their replication 
[5,6]. Autophagy is an essential mechanism in physiological homeo-
stasis that acts as a clearance system by removing and degrading 
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unfolded proteins and damaged organelles. Recent studies emphasize 
that autophagy-related processes may play a critical role in the action 
mechanisms of SARS-CoV-2, and therapeutic approaches targeting 
autophagy modulation would be beneficial in improving the clinical 
outcomes of COVID-19 [6–8]. In the course of the coronavirus infection, 
autophagy may act as an anti-viral mechanism to inhibit viral replica-
tion [6]. On the other hand, some viruses may use the autophagy 
mechanisms as a viral replication tool [6]. Unfolded protein response 
(UPR) is a critical intracellular pathway that can be activated by endo-
plasmic reticulum (ER) stress arise from the accumulation of unfolded 
proteins during viral infection [9]. Activated UPR may induce the 
degradation of unfolded proteins through activation of autophagy in 
alleviating ER stress and restoring homeostasis [10]. Moreover, UPR and 
autophagy are closely related mechanisms, and SARS-CoV-2 infection 
might activate autophagy through UPR induction [8,10]. Beclin-1 
(BECN1) is an essential regulator protein that controlling the auto-
phagy process at the nucleation stage, and its deregulation is associated 
with some diseases, including cancer and diabetic kidney disease 
[11–13]. However, there is currently no study examining the potential 
role of serum BECN1 and its clinical value in COVID-19. Given the pa-
pers mentioned above on autophagy, we speculate that BECN1, an 
autophagy-related protein, might be worth investigating in patients with 
COVID-19. Also, clarifying the relationship of BECN1 as a serum marker 
with the clinical severity of COVID-19 would be beneficial for physicians 
to improve the management of the disease. Therefore, we aimed to 
investigate the relationship of BECN1 with biochemical parameters and 
the clinical severity in patients with COVID-19. 

2. Material and methods 

2.1. Study design and participants 

We recruited 108 COVID-19 patients who were admitted to Hatay 
Mustafa Kemal University Hospital and 21 healthy individuals in the 
present study. Our study was reviewed and approved by the clinical 
research ethics committee of Hatay Mustafa Kemal University (Approval 
number: 2020/103), and we performed the study per the Declaration of 
Helsinki during the period September 2020 and January 2021. All 
participants, which consisted of COVID-19 patients and healthy in-
dividuals, provided an informed consent form. All patients were diag-
nosed according to recommendations of the World Health Organization, 
and the diagnosis was confirmed in nasal and pharyngeal swab speci-
mens collected from all patients at admission to the hospital using the 
real-time quantitative polymerase chain reaction method (RT-qPCR). 
We detected the presence of SARS-CoV-2 RNA using an RT-qPCR kit 
(Bioeksen R&D Tech. Ltd., Istanbul, Turkey) and included only RT-qPCR 
confirmed cases in the current study. 

2.2. The Classifications of COVID-19 severity 

Clinical classification of all participants was performed according to 
the World Health Organization (WHO) classification criteria for COVID- 
19 [14] and divided all patients into four groups: 1) mild group, patients 
who present with symptoms of COVID-19 disease without signs of viral 
pneumonia or hypoxia; 2) moderate group, patients who have signs of 
non-severe pneumonia without signs of severe pneumonia on clinical 
examination, a saturation of oxygen (SpO2) higher than 90% on room 
air; 3) severe group, patients who have clinical signs of severe pneu-
monia (fever, cough, dyspnea, fast breathing) plus a respiratory fre-
quency higher than 30 breaths/min and/or have SpO2 lower than 90% 
on room air; and 4) critically group, patients who have acute respiratory 
distress syndrome (ARDS) and/or septic shock and/or multiple organ 
dysfunction, with requiring mechanical ventilation and intensive care 
unit admission. 

2.3. Data and sample collection 

We collected and analyzed the demographic and clinical data of all 
patients, including age, sex, comorbidities, clinical symptoms, medica-
tions and hospitalization days. We also evaluated the results of labora-
tory tests performed according to the clinical needs of patients, 
including hematological parameters (white blood cells [WBC, 103/μL], 
lymphocyte [LYM, 103/μL], monocytes [MON, 103/μL], eosinophil 
[EOS, 103/μL], red blood cells [RBC, 106/μL], hemoglobin [HMG, g/dL], 
hematocrit [HCT, %], mean corpuscular volume [MCV, fL], platelet 
[PLT, 103/μL], mean platelet volume [MPV, fL], platelet distribution 
width [PWD, ratio]), coagulation parameters (D-dimer [ng/L], fibrin-
ogen [FIB, mg/L]), inflammatory markers (Erythrocyte sedimentation 
rate [ESR, mm/h] and C-reactive protein [CRP, mg/L]) and biochemical 
markers (alanine aminotransferase [ALT, U/L], aspartate aminotrans-
ferase [AST, U/L], creatinine [CREA, mg-dL]), Blood Urea Nitrogen 
[BUN, mg/dL], Creatine kinase [CK, U/L], lactate dehydrogenase [LDH, 
U/L], Pro-calcitonin [PCT, ng/mL] and Ferritin [ng/mL]. All laboratory 
tests were conducted in the central laboratory of Hatay Mustafa Kemal 
University Hospital using routine standard methods. Venous blood 
samples were collected via venipuncture from healthy individuals and 
COVID-19 patients, and blood samples were transferred into regular test 
tubes containing gel for serum separation and tubes containing Ethyl-
enediaminetetraacetic acid and sodium citrate for other analysis. The 
blood samples in biochemistry tubes containing gel were allowed to clot 
at room temperature for 30–50 min, and then, all samples were centri-
fuged at 1500 ×g for 10 min in a pre-cooled (4 ◦C) centrifuge, and serum 
samples were aliquoted into tubes and store at − 80 ◦C until BECN1 
concentrations were measured. 

2.4. BECN1 concentrations 

BECN1 concentrations were analyzed from the serum of COVID-19 
patients and healthy individuals using commercial Enzyme-linked 
Immunosorbent Assay (ELISA) kits. The detection range for BECN1 
was 0.16–10 ng/mL, and the intra-assay and inter-assay coefficients of 
variation for BECN1 were 5% and 5.14%, respectively. 

2.5. Statistical analysis 

We first performed the Kolmogorov-Smirnov test to detect the normal 
distribution of the data and presented categorical variables as percent-
ages and number and continuous variables as medians (interquartile 
range). The Kruskal Wallis H test was used for multiple comparisons of 
continuous data, and Mann Whitney U test was utilized to compare two 
groups. Analysis of categorical data was conducted using the chi-square 
test. Spearman's rho correlation analysis was conducted to evaluate the 
association between BECN1 and biochemical parameters. p values 
<0.05 was considered as statistical significant. We performed receiver 
operating characteristic (ROC) analysis to evaluate the potential diag-
nostic value of BECN1 and other biochemical parameters in COVID-19 
patients. All data were analyzed using SPSS version 23.0 (IBM Corpo-
ration, Armonk, NY, USA), and graphs were drawn using GraphPad 
Prism 8.0. 

3. Results 

3.1. Demographic and clinical characteristics of patients with COVID-19 

A total of 108 patients with COVID-19 whose SARS-CoV-2 RNA was 
confirmed by qRT-PCR and 21 healthy individuals were enrolled in the 
present study. There were 70 COVID-19 positive cases in the non-severe 
group (16 mild and 54 moderate), while there were 38 COVID-19 pos-
itive cases in the severe group (24 severe and 14 critically ill). No sig-
nificant difference in age and sex were determined between healthy 
subjects and non-severe and severe groups. The most common clinical 
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symptoms of all patients with COVID-19 were fever, cough, fatigue and 
dyspnea. The most common clinical symptoms of patients with COVID- 
19 in the non-severe group were cough, fever and fatigue, while com-
mon clinical symptoms of patients with COVID-19 in the severe group 
were dyspnea, cough, fatigue, and chest tightness. The majority (79.6%) 
of COVID-19 patients had one or more complications, and hypertension 
(22.2%) and diabetes (19.44%) in the patient groups were more com-
mon comorbidities (p < 0.05). Hospitalization times of patients in the 
severe group were significantly higher than the patients in the non- 
severe groups (p < 0.001). A total of 7 patients from the severe group 
died (18.4%) during hospitalization, and as expected, the severe group 
had a higher mortality rate than the non-severe group (p < 0.001). 
Demographic and clinical data of patients with COVID-19 and healthy 
subjects were presented in Table 1. 

3.2. The laboratory findings of patients with COVID-19 and healthy 
controls 

We presented the laboratory findings of COVID-19 patients and 
healthy controls in Table 2. Analysis of hematological parameters 
demonstrated that WBC count was significantly higher in the severe 
group than in the non-severe group and healthy controls (p < 0.001), 
and no significant difference was found in WBC between healthy con-
trols and the non-severe group (p = 0.091). LYM, EOS and HGB levels 
were significantly reduced in the non-severe and the severe group 
compared to the healthy controls (p < 0.05). LYM counts were signifi-
cantly decreased among patients who had died from SARS-CoV-2 in-
fections than survival patients (p < 0.001). HCT levels were significantly 
lower in the severe group than in the non-severe group and healthy 
controls (p < 0.001), while no significant difference was observed in 
HCT levels between healthy controls and the non-severe group (p =
0.107). PLT levels were significantly higher in the severe group than in 
the non-severe group and healthy controls. No significant difference in 
MON and MCV was found between healthy controls and the non-severe 
and the severe groups (p > 0.05). Serum D-dimer and FIB levels were 
significantly elevated in the non-severe and the severe groups compared 
to the healthy controls (p < 0.001). Also, serum D-dimer and FIB levels 
were significantly higher in the severe group than in the non-severe 
group (p < 0.001). ESR, CRP, PCT and Ferritin levels were signifi-
cantly increased in the non-severe and severe group compared to the 
healthy controls (p < 0.001). These parameters were significantly higher 
in the severe group than in the non-severe group (p < 0.001). 
Biochemical analyses showed a significant increase in serum ALT, AST, 
BUN, CK and LDH levels in the non-severe and the severe group 
compared to the healthy controls. No significant differences were found 
in CREA among all groups (p > 0.05). 

3.3. Serum BECN1 levels in patients with COVID-19 and healthy controls 

We measured the serum BECN1 concentrations in COVID-19 patients 
and healthy controls to detect the possible effect of COVID-19 on 
autophagy-related processes at the systemic level. Our results showed 
that serum BECN1 levels were significantly increased in all COVID-19 
patients when compared to the healthy controls (p < 0.001, Fig. 1a). 
Also, BECN1 levels were significantly higher in the severe group than in 
the non-severe group (p < 0.001, Fig. 1a). We also analyzed the levels of 
BECN1 in clinical subgroups of COVID-19 to compare whether the effect 
of clinical severity on this protein level (Fig. 1b). Our findings indicated 
that BECN1 levels were increased with concomitantly clinical severity of 
the COVID-19 disease. Furthermore, no significant differences were 
observed in BECN1 levels between patients with and without 
comorbidities. 

3.4. Correlations between BECN1 and biochemical parameters 

We analyzed the association of serum BECN1 levels with 

hematological, inflammatory and biochemical parameters in COVID-19 
patients and healthy controls. As presented in Table 3, our results 
revealed that there is a significant negative correlation between BECN1 
and LYM, EOS, HGB, HCT and MCV, while there is a significant positive 
correlation between BECN1 and WBC and PLT. Furthermore, our find-
ings unveiled that BECN1 has a significant positive correlation with 
coagulation markers, such as D-dimer and FIB and inflammatory pa-
rameters, such as ESR, CRP, Ferritin and PCT, and other biochemical 
markers, such as LDH, ALT, AST, CREA, BUN and CK (Table 3). 

Table 1 
Demographic and clinic characteristics of COVID-19 patients and healthy 
controls.  

Variables Healthy 
controls 
(n = 21) 

COVID-19 patients p value 

Non- 
severe 
group 
(n = 70) 

Severe 
group (n 
= 38) 

All 
patients 
(n =
108) 

Age 45.52 
(41.5–50) 

47.98 
(36–59) 

50.82 
(47.5–56) 

48.94 
(40–58)  

0.053 

Sex (n, %)      
Male 12 (57.1) 38 

(54.3) 
27 (71.1) 65 

(60.2)  
0.229 

Female 9 (42.9) 32 
(45.7) 

11 (28.9) 43 
(39.8) 

Hospitalization 
(day)  

8.64 ±
3.18 

15.71 ±
9.82 

11.15 ±
7.19  

<0.001 

Comorbidities (n, 
%)      
Hypertension  14 (20) 10 (26.3) 24 

(22.2)  
0.041 

Diabetes mellitus  7 (10) 14 (36.8) 21 
(19.44)  

<0.001 

Chronic kidney 
disease  

1 (1.4) 5 (13.2) 6 (5.5)  0.012 

Coronary heart 
disease  

2 (2.9) 4 (10.5) 6 (5.5)  0.106 

Cerebrovascular 
disease  

0 (0) 4 (10.5) 4 (3.7)  0.007 

Chronic liver 
disease  

2 (2.9) 2 (5.3) 4 (3.7)  0.528 

Pulmonary 
disease  

4 (5.7) 4 (10.5) 8 (7.4)  0.267 

Thyroid disease  3 (4.3) 3 (7.9) 6 (5.5)  0.378 
Malignancy  3 (4.3) 4 (10.5) 7 (6.48)  0.191 

Clinical symptoms 
(n, %)      
Fever  26 

(37.1) 
5 (13.2) 31 

(28.7)  
<0.001 

Cough  33 
(47.1) 

14 (36.8) 47 
(43.5)  

<0.001 

Loss of appetite  1 (1.4) 3 (7.9) 4 (3.7)  0.121 
Expectoration  6 (8.6) 0 (0) 6 (5.5)  0.071 
Chest tightness  5 (7.1) 7 (18.4) 12 

(11.1)  
0.043 

Fatigue  25 
(35.7) 

8 (21.1) 33 
(30.5)  

0.003 

Dyspnea  6 (8.6) 24 (63.2) 30 
(27.7)  

<0.001 

Diarrhea  2 (2.9) 1 (2.6) 3 (2.7)  0.740 
Sore throat  7 (10) 0 (0) 7 (6.48)  0.044 
Myalgia  3 (4.3) 0 (0) 3 (2.7)  0.274 
Nausea or 
vomiting  

2 (2.9) 3 (7.9) 5 (4.62)  0.261 

Abdominal pain  3 (4.3) 1 (2.6) 4 (3.7)  0.598 
Loss of taste or 
smell  

1 (1.4) 0 (0) 1 (0.9)  0.654 

Deaths (n, %)  0 (0) 7 (18.4) 7 (6.48)  <0.001 

The comparisons of continuous data were performed using the Kruskal Wallis H 
test followed by the Mann-Whitney U test, and analysis of categorical data was 
conducted using the chi-square test. Continuous values were expressed as me-
dians (interquartile range [IQR]), while categorical variables were presented as 
numbers (percentages). Statistically significant p values less than 0.05 were 
indicated as bold. 
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3.5. Predictive value of BECN1 levels for evaluating disease severity 

We utilized ROC analyses to evaluate the diagnostic potential and 

detect the optimal cut-off values of BECN1 and other biochemical pa-
rameters in COVID-19 patients. As presented in Table 4 and Fig. 2, we 
detected that areas under the ROC curve for BECN1, D-dimer, 

Table 2 
Laboratory findings of 108 patients with COVID-19 and 21 healthy controls.  

Parameters Normal 
range 

Healthy controls (n =
21) 

COVID-19 patients p value 

Non-severe group (n =
70) 

Severe group (n = 38) All patients (n =
108) 

WBC, 103/μL 4–10 6.80 (6.19–7.40) 5.70 (4.43–7.45) 10.47 (6.51–12.06) 6.57 (4.66–10.32) <0.001a,c,d,=0.091b 

LYM, 103/μL 0.8–4 2.22 (1.65–2.51) 1.47 (0.99–1.85) 0.82 (0.64–1.34) 1.23 (0.85–1.81) <0.001a,b,c,d 

MON, 103/μL 0.12–1.2 0.45 (0.40–0.50) 0.42 (0.31–0.55) 0.47 (0.32–0.72) 0.45 (0.32–0.61) =0.103a,=0.278b, 
=0.311c,=0.047d 

EOS, 103/μL 0.02–0.5 0.16 (0.13–0.27) 0.02 (0.005–0.07) 0.01 (0.00–0.052) 0.02 (0.00–0.06) <0.001a,b,c,=0.266d 

RBC, 106/μL 4–5.5 4.49 (4.29–4.88) 4.8 (4.44–5.18) 4.38 (3.78–4.77) 4.60 (4.27–5.06) ¼0.001a,=0.078b, =0.095c, 
<0.001d 

HGB, g/dL 12–16 14.4 (13–15.3) 13.2 (12.4–14.3) 11.85 (9.4–13.3) 12.85 (11.82–14.1) =0.051a,¼0.029b,<0.001c,d 

HCT, % 40–54 41.9 (38.4–44.25) 39.1 (37.5–43.35) 35.8 (29.37–39.35) 38.65 (35.92–41.9) <0.001a,c,d,=0.107b 

MCV, fL 80–100 87.5 (82.05–90.75) 84.8 (80.90–88.25) 85.35 (80.6–89.3) 84.85 (80.92–88.3) =0.217a,=0.091b, 
=0.137c,=0.908d 

PLT, 103/μL 150–450 247 (208–288) 207 (177–273) 322.5 (250–369) 249 (186–306.75) <0.001a,d,=0.082b 

¼0.009c 

MPV, fL 6.5–12 9.8 (8.8–11.4) 9.6 (9.3–10.5) 10.7 (10.25–11.1) 10.1 (9.4–11) ¼0.001a,=0.565b, =0.05c, 
<0.001d 

PDW, ratio 15–17 16.1 (15.85–16.4) 16 (15.7–16.4) 16.3 (16.1–16.42) 16.1 (15.82–16.4) ¼0.023a,=0.461b, 
=0.168c,¼0.006d 

D-dimer, ng/ 
mL 

0–500 207 (170.5–254) 377 (259,5-650,68) 1040 (590–2640) 560 (300–1050) <0.001a,b,c,d 

FIB, mg/dL 200–400 213 (202–239.5) 365 (302–474) 519 (417.75–567.5) 421.5 (314.25–533) <0.001a,b,c,d 

ESR, mm/h 0–20 8 (6.5–11) 16 (10. 50–35.5) 38 (19.5–51.25) 22.5 (12.25–42) <0.001a,b,c,d 

CRP, mg/L 0–5 1.05 (0.94–1.88) 17.4 (5.99–52.35) 52.52 (20.17–78.8) 29.15 (9.25–61.45) <0.001a,b,c,¼0.001d 

PCT, ng/mL 0.05–0.09 0.012 (0.01–0.018) 0.03 (0.01–0.05) 0.135 (0.04–0.33) 0.04 (0.02–0.12) <0.001a,b,c,d 

Ferritin, ng/mL 10–291 23 (10.5–40) 122.4 (47,5–309) 664.7 (246–1189.92) 263.75 
(70.3–647.65) 

<0.001a,b,c,d 

LDH, U/L 120–246 132 (121.5–145) 241.5 (200.75–311) 312 (203.5–437.75) 256 (201–356.75) <0.001a,b,c,<0.049d 

ALT, U/L 0–40 19 (15–24) 29 (21–43.25) 38.5 (18.75–78.25) 30.5 (20.25–52) ¼0.001a,<0.01b,c,=0.239d 

AST, U/L 0–49 19 (16–23.5) 31 (25–43.25) 29.5 (21.75–52.25) 30.5 (23–44.75) <0.001a,b,c,=0.662d 

CREA, mg/dL 0.5–1.1 0.76 (0.62–0.81) 0.77 (0.6–0.96) 0.87 (0.64–1.18) 0.80 (0.60–0.99) =0.135a,=0.291b, 
=0.062c,=0.166d 

BUN, mg/dL 8–23 9 (7.5–9.5) 13 (10–16.25) 22 (14–31) 15 (11− 22) <0.001a,b,c,d 

CK, U/L 30–200 63 (49.5–88) 92 (56.75–157.25) 208 (127.5–350.25) 112 (78–229.75) <0.001a,c,d,=0.014b 

The comparisons of data were performed using the Kruskal Wallis H test followed by the Mann-Whitney U test, and the values were expressed as medians (interquartile 
range [IQR]). Statistically significant p values less than 0.05 were indicated as bold. Abbreviations: WBC: White blood cells, LYM: Lymphocyte, MON: Monocytes, EOS: 
Eosinophil, RBC: Red blood cells, HGB: Hemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume, MPV: Mean platelet volume, PDW: Platelet distribution width, 
FIB: Fibrinogen, ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, PCT: Procalcitonin, LDH: Lactate dehydrogenase, ALT: Alanine aminotransferase, AST: 
Aspartate aminotransferase, CREA: Creatinine, BUN: Blood urea nitrogen, CK: Creatine kinase. 

a Comparison among all groups. 
b Comparison between Healthly controls and Non-severe group. 
c Comparison between Healthly controls and Severe group. 
d Comparison between Non-severe group and Severe group. 

Fig. 1. The BECN1 protein levels in patients with COVID-19 and healthy controls (a). Comparison of BECN1 protein levels in COVID-19 patients according to the 
classification of mild, moderate, severe and critically ill disease (b). BECN1: Beclin-1. Data were expressed as mean ± SD. p < 0.05 values were considered as 
significant. ***p < 0.001, **p < 0.01, *p < 0.05. 
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Fibrinogen, PCT, CRP and Ferritin were 0.8662, 0.9110, 0.8278, 0.9996 
and 0.9284, respectively (p < 0.0001). 95% confidence intervals for 
BECN1, D-dimer, Fibrinogen, PCT, CRP and Ferritin were 
0.8058–0.9266, 0.8620–0.9600, 0.9105–0.9833, 0.7572–0.8984, 
0.9981–1.001 and 0.8831–0.9736, respectively. Our data suggest that 
BECN1, CRP, Ferritin, D-dimer, Fibrinogen and PCT have clinical values 

for the management of COVID-19. 

4. Discussion 

COVID-19, which is a highly contagious disease, is an ongoing 
outbreak worldwide with high morbidity and mortality, and there is no 
available effective therapy for this deadly disease. Therefore, the un-
derstanding of the molecular pathogenesis of COVID-19 and identifica-
tion of diagnostic and therapeutic targets are crucial in improving the 
treatment outcomes of SARS-CoV-2 infected patients and timely control 
of disease progression. The existing evidence suggests that autophagy 
mechanisms might be part of combat strategies against SARS-CoV-2 
infections [5–8]. However, the precise role of autophagy in COVID-19 
remains unclear. 

To the best of our knowledge, we are the first to examine the rela-
tionship of BECN1 with biochemical parameters and the clinical severity 
in patients with COVID-19. Here, we report that serum BECN1 levels 
were significantly increased in the severe and non-severe COVID-19 
patients. Furthermore, our ROC curve analyses reveal that BECN1 might 
have a potential value in improving the clinical outcomes of COVID-19. 
Previous studies revealed that viral infections may induce autophagy 
through several mechanisms, and autophagy could counteract viral 
replication by regulating certain anti-viral mechanisms and survival 
functions in infected and immune cells [6]. Furthermore, viral infection 
and replication stimulate UPR, which is a crucial intracellular mecha-
nism by leading to the accumulation of unfolded proteins in the ER 
[15,16]. The UPR pathway is associated with autophagy, and induced 
UPR could promote autophagy processes, suggesting that SARS-CoV-2 
infection might possibly trigger autophagy mechanisms in patients 
with COVID-19 [8,15,17]. Our data suggest that increased BECN1 levels 
in COVID-19 patients may result from UPR mediated-ER stress induced 
by viral replication. Considering existing evidence, we may speculate 
that BECN1 mediated-autophagy stimulation might have anti-viral ef-
fects against Coronaviruses infection, notwithstanding further detailed 
studies are undoubtedly needed. 

Our laboratory results showed the significant abnormalities of he-
matological parameters in COVID-19 patients, consistent with previous 
studies. We found that the severe COVID-19 patients had higher WBC 
counts than in the non-severe patients. Our findings revealed that LYM 
counts were significantly decreased in the severe group compared with 
the non-severe group, and lymphopenia is highly correlated with the 
clinical severity of SARS-CoV-2 infections, consistent with previous 
studies [18]. Moreover, BECN1 levels were highly correlated with LYM, 
EOS and HGB. We also evaluated the coagulation-related factors, 
including D-dimer and Fibrinogen, in the current study. D-dimer, which 
serves as a serum biomarker of coagulation, is a fibrinolysis degradation 
product and increased D-dimer concentrations are related to the clinical 
severity and poor prognosis of COVID-19 [19,20]. Fibrinogen is a crucial 
coagulation factor that plays a role in maintaining homeostasis, and its 
levels were increased in COVID-19 patients [20,21]. Consistent with the 
studies mentioned above [20,21], our analyses reveal that D-dimer and 
FIB levels were increased in the non-severe and severe COVID-19 pa-
tients. Our findings unveiled that there are abnormalities of coagulation 
profiles in COVID-19 patients, and BECN1 levels were highly correlated 
with D-dimer and Fibrinogen concentrations. We also investigated the 
inflammation-related markers [22,23], including CRP, ESR, PCT and 
Ferritin in COVID-19 patients and the relationship of these parameters 
with BECN1. C-reactive protein (CRP), which is synthesized by the liver, 
is an inflammatory biomarker, and its expressions were increased in 
SARS-CoV-2 infected cases [24,25]. Our results revealed that CRP is 
significantly elevated in COVID-19 patients, and CRP is related to the 
clinical severity of COVID-19. These findings are consistent with pre-
vious studies [24,25]. Like CRP, ESR, which is known as an acute-phase 
reactant, is an inflammation marker, and we here show that ESR levels 
were significantly elevated in COVID-19 patients, consistent with pre-
vious studies [20]. Accumulating evidence demonstrates that Ferritin 

Table 3 
Correlation of serum BECN1 and biochemical parameters in patients with 
COVID-19 and healthy controls.  

Variables BECN1 

r p value 

WBC, 103/μL  0.183  0.038 
LYM, 103/μL  − 0.322  0.001 
MON, 103/μL  0.098  0.272 
EOS, 103/μL  − 0.424  <0.001 
RBC, 106/μL  − 0.012  0.895 
HGB, g/dL  − 0.234  0.008 
HCT, %  − 0.224  0.011 
MCV, fL  − 0.206  0.019 
PLT, 103/μL  0.217  0.013 
MPV, fL  0.058  0.515 
PDW, ratio  0.012  0.896 
D-dimer, ng/mL  0.483  <0.001 
FIB, mg/dL  0.473  <0.001 
ESR, mm/h  0.245  0.005 
CRP, mg/L  0.464  <0.001 
PCT, ng/mL  0.452  <0.001 
Ferritin, ng/mL  0.516  <0.001 
ALT, U/L  0.214  0.015 
AST, U/L  0.246  0.005 
CREA, mg/dL  0.273  0.002 
BUN, mg/dL  0.487  <0.001 
CK, U/L  0.394  <0.001 
LDH, U/L  0.463  <0.001 

The correlation of BECN1 with biochemical parameters was analyzed using 
Spearman's rho test, and statistically significant p values less than 0.05 were 
indicated as bold. Abbreviations: BECN1:Beclin-1WBC: White blood cells, LYM: 
Lymphocyte, MON: Monocytes, EOS: Eosinophil, RBC: Red blood cells, HGB: 
Hemoglobin, HCT: Hematocrit, MCV: Mean corpuscular volume, MPV: Mean 
platelet volume, PDW: Platelet distribution width, FIB: Fibrinogen, ESR: 
Erythrocyte sedimentation rate, CRP: C-reactive protein, PCT: Procalcitonin, 
LDH: Lactate dehydrogenase, ALT: Alanine aminotransferase, AST: Aspartate 
aminotransferase, CREA: Creatinine, BUN: Blood urea nitrogen, CK: Creatine 
kinase. 

Table 4 
Area under the receiver operating characteristic curve and optimal cut-off values 
of BECN1, D-dimer, Fibrinogen, PCT, CRP and Ferritin in COVID-19 patients.  

Variables AUC (95%CI) Sensitivity 
% 

Specificity 
% 

Cut- 
off 

p value 

BECN1 0.8662 
(0.8058–0.9266)  

79.6  80.9 1.03 
ng/ 
mL  

<0.0001 

D-dimer 0.9110 
(0.8620–0.9600)  

84.1  85.7 258 
ng/ 
mL  

<0.0001 

Fibrinogen 0.9469 
(0.9105–0.9833)  

90.7  90.5 252 
mg/ 
dL  

<0.0001 

PCT 0.8278 
(0.7572–0.8984)  

78.7  61.9 0.01 
ng/ 
mL  

<0.0001 

CRP 0.9996 
(0.9981–1.001)  

99.1  95.2 3.04 
mg/ 
mL  

<0.0001 

Ferritin 0.9284 
(0.8831–0.9736)  

87.0  85.7 44.8 
ng/ 
mL  

<0.0001 

Abbreviations: AUC: Area under the receiver operating characteristic curve, 
BECN1: Beclin-1, PCT: Procalcitonin, CRP: C-reactive Protein. 
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and PCT are inflammatory markers, and their levels are increased due to 
cytokine storms in COVID-19 [20]. Similarly, our results revealed that 
Ferritin and PCT levels are increased among COVID-19 patients. Our 
correlation analyses unveiled that BECN1 is highly correlated with in-
flammatory markers such as CRP, ESR, Ferritin and PCT. ROC curve 
analyses revealed that CRP, Ferritin and PCT might have potential 
clinical values in improving treatment outcomes of COVID-19 patients. 

Considering the potentially detrimental effects of SARS-CoV-2 
infection on many organs [22,23], we also investigated the biochem-
ical parameters such as LDH, ALT, AST, CK, CREA and BUN and the 
association of these parameters with BECN1. Lactate dehydrogenase 
(LDH), which serves as an indicator of organ damage, is a cytoplasmic 
enzyme, and its levels were increased in COVID-19 patients [20]. As 
expected, our findings showed that LDH levels were higher in the severe 
cases than in the non-severe patients. We also analyzed the ALT and AST 
levels which are liver function indicators in COVID-19 patients, and our 
results revealed a significant increase in these parameters, consistent 
with previous studies [20,21]. We analyzed the CREA and BUN levels as 
renal function indicators in Covid-19 patients, and our results showed 
that the BUN levels were significantly higher in severe infection patients 
than in the non-severe patients, consistent with previous studies 
[22,26]. 

The current study is not without any limitations, and our findings 
might not represent all COVID-19 patients since it is a single-center 
cross-sectional study. The sample size, which consists of patients who 
were admitted to Hatay Mustafa Kemal University at a certain time, was 
small in our study. Also, the patients enrolled in our study were 
receiving treatment and some of them had one or more comorbid con-
ditions. The confounder effect of these treatments and comorbidities on 
serum BECN1 concentrations is unknown. 

5. Conclusion 

In conclusion, we report for the first time that serum BECN1 levels 
were elevated in patients with COVID-19 and increased BECN1 con-
centrations were associated with hematological, coagulation, inflam-
matory and biochemical parameters and clinical severity in COVID-19. 
Furthermore, our results suggest that BECN1 may serve as a biomarker 
for the prediction of disease severity of COVID-19, and BECN1 

mediated-autophagy modulation might have a promising value in 
improving the clinical outcomes of COVID-19. More importantly, our 
results highlight the potential importance of autophagy mechanisms in 
the pathogenesis of COVID-19 at the systemic level. However, further 
mechanistic studies are required to clarify the precise role of BECN1 in 
the molecular pathogenesis of COVID-19. 
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