
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Microbial Pathogenesis 160 (2021) 105205

Available online 20 September 2021
0882-4010/© 2021 Elsevier Ltd. All rights reserved.

Human beta-defensins 2 and 4 are dysregulated in patients with 
coronavirus disease 19 

Noor T. Al-Bayatee a, Ali H. Ad’hiah b,* 

a Biotechnology Department, College of Science, University of Baghdad, Baghdad, Iraq 
b Tropical-Biological Research Unit, College of Science, University of Baghdad, Baghdad, Iraq   

A R T I C L E  I N F O   

Keywords: 
COVID-19 
Human β-defensin 
Age 
Receiver operating characteristic 
Logistic regression analysis 

A B S T R A C T   

Antimicrobial peptides (AMPs) have recently been proposed as significant immunological factors involved in 
pathogenesis of coronavirus disease 19 (COVID-19). Human β-defensins (hBDs) are among these AMPs, but the 
evidence is not well detailed. Therefore, this case-control study analyzed levels of hBD1, hBD2, hBD3 and hBD4 
in serum of 103 patients with severe COVID-19 and 105 healthy controls. Most patients were older than 45 years 
(80.6%), and more than 50% suffered from chronic diseases (cardiovascular and diabetes). Results revealed that 
median levels of hBD1 and hBD3 did not show significant differences between patients and controls. On the 
contrary, HBD2 levels were significantly decreased in patients compared to controls (1036 vs. 1289 ng/L; p <
0.001), while HBD4 levels were significantly increased (4.04 vs. 2.43 ng/L; p < 0.001). Receiver operating 
characteristic curve analysis demonstrated the predictive significance of hBD2 (area under the curve [AUC] =
0.795; 95% confidence interval [CI] = 0.729–0.861; p < 0.001) and hBD4 (AUC = 0.816; 95% CI = 0.756–0.876; 
p < 0.001) in discriminating between COVID-19 patients and controls. Logistic regression analysis (adjusted for 
age, gender and body mass index) confirmed the significance of hBD2 (odds ratio [OR] = 0.996; corrected p =
0.004) and hBD4 (OR = 4.948; corrected p < 0.001) in susceptibility to COVID-19. In conclusion, the study 
indicated that hBD2 showed low levels in serum of patients infected with severe COVID-19, while hBD4 showed 
elevated levels. These differences in HBDs were not influenced by age, gender, body mass index, or chronic 
disease.   

1. Introduction 

Since the outbreak of coronavirus disease 19 (COVID-19) in China in 
December 2019, the highly contagious severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has spread globally to become a 
pandemic affecting millions of people in more than 200 countries with a 
mortality rate of approximately 2% [1]. An impressive number of 
studies have been conducted to understand the pathogenesis of this 
respiratory infection and the factors associated with its risk. These 
studies revealed that immunological factors play a key role in patho-
genesis of COVID-19, virus persistence, and risk of severity and/or death 
[2], and dysregulated innate and adaptive immune responses have been 
well documented [3]. The dysregulation is primarily associated with 
increased production of pro-inflammatory cytokines, and accordingly 
the cytokine storm has been described as an important feature of 
COVID-19 pathogenesis that also correlates with disease severity [4]. In 
addition, antimicrobial peptides (AMPs) have recently been proposed as 

other immunological factors involved in pathogenesis of COVID-19 and 
have been considered as promising and potential candidates to combat 
SARS-CoV-2, but the evidence is not well detailed [5–7]. 

AMPs are multifunctional peptides that represent the first line of 
defense against various pathogens [8]. Defensins are a group of natural 
AMPs with powerful effects on viruses, bacteria and fungi [9]. Besides, 
defensins are viewed as multifunctional factors involved in the regula-
tion of immune surveillance required to maintain homeostasis [10]. 
Protein structure studies have classified defensins into three groups; α-, 
β- and θ-defensins, which are synthesized in leukocytes and can also be 
produced by various epithelial cells and mucosal tissues [11]. Evolu-
tionarily speaking, β-defensins are the common ancestor of all types of 
defensins in vertebrates [12]. In humans, β-defensins (hBDs) are the 
most abundant AMPs, and at present, more than 30 hBDs have been 
recognized, but only hBD1, hBD2, hBD3 and hBD4 have been well 
analyzed [13]. Their expression is constitutive, but infection-induced 
expression has been reported for hBD2 and hBD3 [14]. 

Although hBDs are primarily recognized as AMPs, they are also 
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potent immunomodulators, and their role in regulating innate and 
adaptive immune responses is highly evolving [8]. In microbial in-
fections, it has been indicated that hBDs levels change in response to 
viral, bacterial, and fungal infections, and thus their clinical relevance in 
these infections has been proposed [15]. In contrast to α-defensins, 
which have anti-viral effects, hBDs do not appear to affect virions, but 
rather inhibit viral replication by altering cellular functions [16]. In this 
context, it has been suggested that hBDs can modulate virus binding to 
host cell surface receptors and can also disrupt intracellular signaling, 
and through these mechanisms virus replication can be inhibited [17]. 
hBDs can also act as chemokines to augment and alter adaptive immune 
responses against viruses; for instance, hBD3 has been shown to be 
involved in the induction of chemokine release from monocyte-derived 
macrophages in HIV-infected patients and this can regulate cell migra-
tion into inflamed tissues [18]. Further, it has been shown that hBDs can 
regulate the gene expression of pro-inflammatory cytokines, and thus 
the level of these immunomodulators may be affected [19]. In addition, 
hBDs (for instance, hBD2 and hBD3) can also be induced by 
pro-inflammatory cytokines in response to invading pathogens [7]. In 
COVID-19, the pathogenesis has been characterized by pathological 
levels of pro-inflammatory cytokines particularly in severe cases [4], 
and thus hBDs may show dysregulated expression in COVID-19 patients. 
In line with these proposals, it is plausible to hypothesize that hBDs are 
altered in COVID-19 patients. To test this hypothesis, the levels of four 
hBDs (hBD1, hBD2, hBD3 and hBD4) were analyzed in serum of patients 
with severe COVID-19 infection. 

2. Materials and methods 

2.1. Cases and controls 

During the period from September to December 2020, a case-control 
study was conducted on 103 patients with COVID-19 and 105 healthy 
volunteers (control group). Patients were admitted to COVID-19 care 
units in Baghdad hospitals, and were enrolled in study 4–5 days after 
admission. The RealLine SARS-CoV-2 kit (Bioron Diagnostics GmbH) 
was used to diagnose COVID-19 in nasopharyngeal swabs of patients on 
admission. The diagnosis was confirmed by a computed tomography 
(CT) scan of the chest. After 4–7 days of hospitalization, only patients 
who were willing to participate in the study and tested positive for 
molecular testing and CT scan indicating COVID-19 were included. In 
the initial protocol of our study, we took into account the identification 
of moderate, severe and critical patients, but were faced with the fact 
that the wards had mostly severe cases and, therefore, only cases with 
severe COVID-19 were enrolled in the study. The World Health Orga-
nization (WHO) Interim Guidance for determining disease severity were 
followed, and COVID-19 was deemed severe if the patient met one of the 
following conditions: severe respiratory distress, respiratory rate ≥30 

breaths/minute and pulse oxygen saturation (SpO2) ≤ 93% on resting 
state [20]. Information regarding age, gender, body mass index (BMI) 
and chronic diseases (cardiovascular and diabetes) were recorded for 
patients and controls. In addition, patients were profiled for hemoglo-
bin, platelet count, white blood cell count (WBC), erythrocyte sedi-
mentation rate (ESR), random blood glucose (RBG), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), blood urea nitrogen (BUN), creatinine, uric acid, 
total cholesterol and triglycerides. The control group included blood 
donors and health service personnel who had no respiratory infection in 
the past 12 months, and did not suffer from chronic diseases (respiratory 
allergy, diabetes and cardiovascular disease). Controls were initially 
examined for C-reactive protein (CRP) and erythrocyte sedimentation 
rate (ESR), and only subjects with CRP-seronegative and those with an 
ESR less than 20 mm/h were included. Besides, the results of serum tests 
for the anti-pathogen antibody panel in the Central Blood Bank (Bagh-
dad) were also negative. All participants gave written consent after 
obtaining approval from the Ethics Committee of the Iraqi Ministry of 
Health and Environment. 

2.2. Serum level of hBDs 

Five milliliters of blood were drawn from each participant in a plain 
tube. The tube was centrifuged after blood clotting (3000 rpm for 15 min 
at 4 ◦C), and serum was collected and kept frozen at – 20 ◦C until 
assessment. Serum levels of hBDs (hBD1, hBD2, hBD3 and hBD4) were 
determined using enzyme-linked immunosorbent assay kits (Cat. No: 
E6426Hu, E6427Hu, E6428Hu and E3146Hu, respectively; Bioassay 
Technology Laboratory, China), and manufacturer’s instructions were 
followed. The standard curve ranges of the kits were 0–400, 0–7000, 
0–15000 and 0–15 ng/L, respectively. 

2.3. Statistical analysis 

Number and percentage were used to express categorical variables, 
and significant differences were assessed using Pearson Chi-square test. 
Parametric variables were given as mean ± standard deviation (SD) and 
significant differences were assessed using the least significant differ-
ence (LSD) test. Nonparametric variables were expressed as median and 
interquartile range (IQR), and Mann-Whitney U test was used to assess 
significant differences between medians. Receiver operating curve 
(ROC) analysis was performed to calculate area under the curve (AUC), 
95% confidence interval (CI), cut-off value, sensitivity and specificity. 
The Youden index was used to optimize the cut-off value. Multinomial 
logistic regression analysis was applied to determine odds ratio (OR) and 
95% CI. The analysis was adjusted for age (Model I), age and gender 
(Model II), or age, gender and body mass index (Model III). Correlations 
between variables were assessed by Spearman rank-order correlation 

Abbreviations 

ALP Alkaline phosphatase 
ALT Alanine aminotransferase 
AMP Antimicrobial peptide 
AST Aspartate aminotransferase 
AUC Area under curve 
BMI Body mass index 
BUN Blood urea nitrogen 
CI Confidence interval 
COVID-19 Coronavirus disease 19 
CRP C-reactive protein 
CT Computed tomography 
ESR Erythrocyte sedimentation rate 

hBD human β-defensin 
IQR Interquartile range 
LSD Least significant difference 
MERS Middle East respiratory syndrome-coronavirus 
OR Odds ratio 
p: Probability 
pc Corrected probability 
RBG Random blood glucose 
ROC: Receiver operating characteristic 
rs correlation coefficient 
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 
SD Standard deviation 
WBC White blood cell count  
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analysis. A probability (p) value ≤ 0.05 was considered significant. The 
p-value was corrected using Bonferroni correction due to multiple 
comparisons. The statistical analysis was performed using IBM SPSS 
Statistics 25.0 (Armonk, NY: IBM Corp.) and GraphPad Prism version 
8.0.0 (San Diego, California USA). G*Power software (version 3.1.9.7) 
was used to calculate power of sample size. 

3. Results 

3.1. Power of sample size 

The sample sizes of patients (N = 103) and controls (N = 105) were 
computed in the G*Power software to calculate the power of sample size 
(1 – β error probability). It was found that at two-tailed α error proba-
bility of 0.05 and effect size convention of 0.5, the power of sample size 
was 0.95. Thus, statistical validation of the included samples was 
ensured. 

3.2. Baseline characteristics of cases and controls 

The mean age of COVID-19 cases was significantly higher than that 
of control subjects (56.9 ± 14.9 vs. 32.7 ± 8.7 years; p < 0.001). Most 
patients were older than 45 years (80.6%), while most healthy subjects 
were younger than 45 years old (87.6%). Patients and controls distrib-
uted by gender (males and females) or BMI (normal weight and over-
weight/obese) did not show significant differences. More than 50% of 
patients (57.3%) had chronic diseases (cardiovascular disease, diabetes 
or both) (Table 1). 

3.3. Baseline laboratory parameters of cases 

COVID-19 cases were profiled for the laboratory parameters given in 
Table 2. Some parameters were within the reference ranges while others 
were not. Means of WBC (12.3 ± 5.2 × 109/L), ESR (58.4 ± 27.0 mm/h), 
RBG (233.4 ± 128.9 mg/dL), BUN (61.0 ± 44.0 mg/dL) and tri-
glycerides (219.6 ± 113.4 mg/dL) were above the reference range, while 
ALT occupied the upper limit of the reference range (58.3 ± 53.1 U/L) 
(Table 2). 

3.4. Serum levels of hBDs 

The median levels of hBD1 and hBD3 did not show significant dif-
ferences between COVID-19 cases and controls. On the contrary, the 
levels of hBD2 were significantly decreased in cases compared to con-
trols (1036 [IQR: 857–1187] vs. 1289 [IQR: 1214–1388) ng/L; p <
0.001), while the levels of hBD4 were significantly increased (4.04 [IQR: 
3.32–5.07] vs. 2.43 [IQR: 2.09–3.06] ng/L; p < 0.001) (Fig. 1). ROC 

curve analysis revealed the predictive significance of hBD2 (AUC =
0.795; 95% CI = 0.729–0.861; p < 0.001; Youden index = 0.55; cut-off 
value = 1193 ng/L; sensitivity = 77.1%; specificity = 77.7%) and hBD4 
(AUC = 0.816; 95% CI = 0.756–0.876; p < 0.001; Youden index = 0.56; 
cut-off value = 3.23 ng/L; sensitivity = 80.6%; specificity = 75.2%) in 
discriminating between COVID-19 cases and controls (Fig. 2). Logistic 
regression analysis (Models I, II and III) confirmed the significance of 
hBD2 (OR = 0.996, 0.996 and 0.996, respectively; pc = 0.004) and hBD4 
(OR = 4.781, 4.926 and 4.948, respectively; pc < 0.001) in susceptibility 
to COVID-19 (Table 3). 

3.5. Serum levels of hBDs stratified by characteristics of cases 

COVID-19 cases stratified according to age group, gender, BMI and 
chronic diseases showed no significant differences between medians of 
hBD1, hBD2, hBD3 and hBD4 in each stratum (Table 4). A similar 
observation was made in controls (data not shown). 

3.6. Spearman’s rank-order correlation analysis 

Spearman rank-order correlation analysis was performed to estimate 
correlation coefficient (rs) between hBD1, hBD2, hBD3, hBD4, WBC, ESR 
and RBG. The analysis revealed that hBD1 was positively correlated with 
hBD2 (rs = 0.260; p < 0.001) and hBD3 (rs = 0.1765; p = 0.011); hBD2 
was positively correlated with hBD3 (rs = 0.295; p < 0.001) and nega-
tively correlated with hBD4 (rs = − 0.166; p = 0.016), WBC (rs = − 0.192; 
p = 0.005), ESR (rs = − 0.459; p < 0.001) and RBG (rs = − 0.436; p <
0.001); hBD3 was positively correlated with hBD4 (rs = 0.464; p <
0.001); hBD4 was positively correlated with WBC (rs = 0.269; p <
0.001), ESR (rs = − 0.422; p < 0.001) and RBG (rs = 0.436; p < 0.001); 
WBC was positively correlated with ESR (rs = 0.370; p < 0.01) and RBG 
(rs = 0.180; p = 0.009); and ESR was positively correlated with RBG (rs 
= 0.665; p < 0.001) (Fig. 3 and Supplementary Table). 

Table 1 
Baseline characteristics of COVID-19 cases and controls.  

Characteristic Cases (N =
103) 

Controls (N =
105) 

p-value 

Mean age ± SD (years) 56.9 ± 14.9 32.7 ± 8.7 <0.001 
Age groups; 

years 
<45 20 (19.4) 92 (87.6) <0.001  

≥45 83 (80.6) 13 (12.4)  
Gender; N (%) Male 76 (73.8) 73 (69.5) 0.495  

Female 27 (26.2) 32 (30.5)  
BMI; N (%) Normal weight 28 (27.2) 39 (37.1) 0.124  

Overweight/ 
obese 

75 (72.8) 66 (62.9)  

Chronic disease; 
N (%) 

Yes 59 (57.3) 0 (0.0) < 
0.001  

No 44 (42.7) 100 (100.0)  

SD: Standard deviation; BMI: Body mass index (kg/m2); p: Probability of least 
significant difference or Pearson Chi-square test. Significant p-value is bold- 
marked. 

Table 2 
Baseline laboratory parameters of COVID-19 cases.  

Parameter Mean ±
SD 

Median (IQR: 
5–95%) 

Reference 
range†

Status 

Hemoglobin (g/ 
dL) 

14.3 ±
9.8 

13.7 (10.0–17.4) 11.6–16.6 Normal 

Platelets ( × 109/ 
L) 

282.9 ±
135.9 

251.0 
(125.0–565.0) 

135–317 Normal 

WBC ( × 109/L) 12.3 ±
5.2 

11.5 (5.6–21.0) 3.4–9.6 Increased 

ESR (mm/hour) 58.4 ±
27.0 

57.0 (14.0–98.0) 0–29 Increased 

RBG (mg/dL) 233.4 ±
128.9 

185.0 
(104.9–503.0) 

79–140 Increased 

ALT (U/L) 58.3 ±
53.1 

44.8 
(14.5–162.0) 

7–55 Upper 
limit 

AST (U/L) 42.8 ±
24.4 

37.9 (15.2–87.0) 8–48 Normal 

ALP (IU/L) 91.3 ±
54.4 

81.8 
(45.8–146.3) 

40–129 Normal 

BUN (mg/dL) 61.0 ±
44.0 

47.0 
(23.0–155.0) 

7–20 Increased 

Creatinine (mg/ 
dL) 

1.1 ± 0.7 0.9 (0.5–2.8) 0.74–1.35 Normal 

Uric acid (mg/dL) 5.6 ± 2.1 5.8 (1.8–8.6) 2.7–8.0 Normal 
Total cholesterol 

(mg/dL) 
184.6 ±
96.9 

161.3 
(93.0–396.0) 

<200 Normal 

Triglycerides 
(mg/dL) 

219.6 ±
113.4 

194.0 
(80.8–428.0) 

<150 Increased 

WBC: White blood cell count; ESR: Erythrocyte sedimentation rate; RBG: 
Random blood glucose; ALT: Alanine aminotransferase; AST: Aspartate amino-
transferase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; SD: Standard 
deviation; IQR: Interquartile range; †: Data source from https://www.mayoc 
linic.org. 
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4. Discussion 

The immune system plays an important role in the development of 

COVID-19, and understanding its functional components may pave the 
way for the development of control strategies. The current study focused 
on a group of these components, hBD1, hBD2, hBD3 and hBD4, due to 

Fig. 1. Scatter dot plots of hBD1, hBD2, hBD3 and HBD4 levels in serum of COVID-19 cases and controls showing median (horizontal line) and interquartile range 
(vertical line). The significance of difference between medians was assessed by Mann-Whitney U test. 

Fig. 2. Receiver operating curve (ROC) analysis of hBD2 (AUC = 0.795; 95% CI = 0.729–0.861; p-value < 0.001; Youden index = 0.55; cut-off value = 1193 ng/L; 
sensitivity = 77.1%; specificity = 77.7%) and hBD4 (AUC = 0.816; 95% CI = 0.756–0.876; p-value < 0.001; Youden index = 0.56; cut-off value = 3.23 ng/L; 
sensitivity = 80.6%; specificity = 75.2%) in COVID-19 patients versus controls. 
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their anti-viral and immunomodulatory properties [5–7]. The results 
showed that hBD2 was lower in serum of COVID-19 patients compared 
to healthy controls, while hBD4 showed higher levels. ROC curve 
analysis demonstrated the predictive significance of hBD2 and hBD4 in 
discriminating between COVID-19 patients and controls, and the 
recorded AUCs were 0.795 and 0.816, respectively. Besides, logistic 

regression confirmed the significance of both hBDs in susceptibility to 
COVID-19. hBD2 was proposed to be associated with a decreased risk of 
COVID-19 (OR = 0.996), while an increased risk was associated with 
hBD4 (OR = 4.948) after adjusting the analysis for age, gender and BMI. 
However, a point of concern must be addressed in this context, patients 
and controls were not age-matched, with most patients being >45 years 

Table 3 
Logistic regression analysis of hBD1, hBD2, hBD3 and hBD4 in serum of COVID-19 cases and controls.  

hBD Model I  Model II  Model III  

OR (95% CI)† p (pc) OR (95% CI)† p (pc) OR (95% CI)† p (pc) 

hBD1 1.004 (0.996–1.011) 0.343 (1.0) 1.004 (0.996–1.012) 0.351 (1.0) 1.005 (0.997–1.012) 0.232 (0.928) 
hBD2 0.996 (0.993–.998) 0.001 (0.004) 0.996 (0.993–0.998) 0.001 (0.004) 0.996 (0.993–0.998) 0.001 (0.004) 
hBD3 0.999 (0.997–1.000) 0.037 (0.148) 0.998 (0.997–1.000) 0.028 (0.112) 0.998 (0.997–1.000) 0.031 (0.124) 
hBD4 4.781 (2.579–8.863) < 0.001 (< 0.001) 4.926 (2.627–9.239) < 0.001 (< 0.001) 4.948 (2.632–9.302) < 0.001 (< 0.001) 

hBD: Human β-defensin; OR: Odds ratio; CI: Confidence interval; p: Probability; pc: Bonferroni-corrected probability; †: The reference category was controls, and the 
analysis was adjusted for age (Model I), age and gender (Model II), or age, gender and body mass index (Model III). Significant p-value is bold-marked. 

Table 4 
Median levels of hBD1, hBD2, hBD3 and hBD4 in serum of COVID-19 cases stratified according to characteristics of patients.  

Characteristic Median (IQR: 25–75%); ng/L 

hBD1 hBD2 hBD3 hBD4 

Age group <45 years 198.0 (151.5–307.3) 1100 (955–1203) 1580 (1470–2144) 4.08 (3.29–5.13)  
≥45 years 204.9 (158.5–238.1) 1015 (852–1175) 1532 (1220–1936) 4.04 (3.32–5.03)  
p-value 0.665 0.293 0.107 0.623 

Gender Male (N = 76) 199.4 (157.6–234.8) 1009 (853–1188) 1583 (1332–1960) 4.05 (3.32–4.93)  
Female (N = 27) 206.0 (162.8–307.4) 1071 (954–1185) 1453 (1142–2020) 4.04 (3.19–5.79)  
p-value 0.669 0.414 0.152 0.913 

BMI NOR (N = 28) 227.4 (160.5–323.6) 1106 (845–1339) 1668 (1306–2160) 4.43 (3.32–5.27)  
O/O (N = 75) 196.9 (157.6–229.8) 1008 (866–1147) 1532 (1220–1936) 3.95 (3.26–5.03)  
p-value 0.138 0.128 0.341 0.224 

CHD Yes (N = 59) 197.2 (157.6–231.2) 1053 (921–1189) 1644 (1297–2050) 4.18 (3.55–5.26)  
No (N = 44) 207.5 (156.8–258.3) 1012 (844–1180) 1491 (1152–1893) 3.88 (3.15–4.81)  
p-value 0.857 0.650 0.148 0.146 

BMI: Body mass index; NOR: Normal weight; O/O: Overweight/obese; CHD: Chronic disease; IQR: Interquartile range; hBD: Human β-defensin; p: Probability of Mann- 
Whitney U test. 

Fig. 3. Scatter plot Spearman rank-order correlation coefficient (rs) for analysis between human β-defensins (hBD1, hBD2, hBD3 and hBD4), white blood cell count 
(WBC), erythrocyte sedimentation rate (ESR) and random blood glucose (RBG). 
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old and most controls <45 years old. To investigate this issue, the levels 
of hBDs were analyzed in patients and controls after stratification by age 
groups (<45 and ≥ 45 years). The analysis revealed no age-related 
differences, and this may indicate that age had no effect on hBDs 
levels. In fact, other characteristics of patients or controls (gender, BMI 
and chronic disease) also did not influence the levels of hBDs (Table 4). 
These analyses indicate that hBD2 and hBD4 are involved in the path-
ogenesis of COVID-19 regardless of age, gender, BMI or chronic disease. 

hBD2 is a cationic peptide that is expressed on the epithelial surfaces 
of various systems in the human body including the respiratory system. 
Viral, bacterial and fungal pathogens can also induce the expression of 
hBD2, and thus its potential in controlling respiratory infections caused 
by these pathogens has been proposed [19]. Indeed, hBD2 was initially 
identified as a peptide with anti-bacterial effects, but recent in-
vestigations have shown that this defensin is also effective against 
enveloped and non-enveloped viruses, and a number of studies have 
demonstrated dysregulated expression of hBD2 in respiratory infections 
caused by viral agents (influenza virus, respiratory syncytial virus, ad-
enoviruses and rhinovirus) [21–25]. The anti-viral effects of hBD2 could 
be through direct interference with viral replication or indirectly by 
activating antiviral immune responses. In this context, it has been re-
ported that hBD2 induces dendritic cell maturation and enhances their 
recruitment to the site of inflammation to promote adaptive immunity 
[26]. Besides, various pro-inflammatory cytokines have been described 
to participate in increasing the expression of hBD2 [27], and conversely 
it has been found that recombinant hBD2 was able to suppress dendritic 
cell-mediated secretion of pro-inflammatory cytokines [28]. Due to 
these biological properties, hBD2 has been proposed to have role in 
controlling SARS-CoV-2 infection [7]. In the current study, patients with 
severe COVID-19 showed a down-regulated expression of hBD2 and this 
may promote persistence of viral infection and contribute to disease 
severity. Unfortunately, there is no direct evidence to support or refute 
these preliminary findings. In the Middle East respiratory 
syndrome-coronavirus (MERS-CoV), the ability of hBD2 to enhance 
anti-viral immunity in vitro and in vivo was studied using the MERS-CoV 
protein receptor binding domain as a model antigen. The study 
concluded that HBD2 can activate the primary anti-viral innate immune 
response and may also potentiate the induction of an effective 
antigen-specific immunity [29]. However, in a recent investigation, the 
effects of hBDs (hBD2, hBD3 and hBD6) on SARS-CoV-2 infection were 
studied, but these defensins did not effectively inhibit viral replication 
[30]. No other study has been conducted in this regard; therefore, 
further studies are needed to unravel the role of hBD2 in controlling 
COVID-19 and/or disease severity. 

In contrast to hBD2, hBD4 levels were significantly elevated in the 
serum of patients with severe COVID-19, and this was associated with an 
approximately 5-fold increased risk of SARS-CoV-2 infection. hBD4 is a 
new member of the hBD family of AMPs that shows expression in neu-
trophils and the lung tissue (bronchial and bronchiolar epithelium), but 
this expression and the pathological significance of hBD4 in respiratory 
infections have not been well elucidated [31]. This defensin is a cationic 
peptide with known anti-bacterial and anti-fungal properties [32,33], 
but the anti-viral effects of hBD4 have not been explored. This study is 
perhaps the first to examine the relationship between hBD4 and 
COVID-19 and the results may be promising as hBD4 is likely to be 
involved in the pathogenesis of SARS-CoV-2 infection. The effects of 
hBD4 on immune system functions have also not been investigated. 
However, and contrast to hBD1, hBD2 and hBD3, it has been shown that 
hBD4 cannot induce chemotaxis mediated by the chemokine receptor 6 
(CCR6) [34]. Further, a recent study showed that HBD4 is highly 
expressed in human dental-derived stem cells after stimulation by 
pro-inflammatory cytokines. The study also documented the 
anti-inflammatory activity of hBD4 along with its anti-bacterial effects 
[35]. Besides, the present study illustrated that serum level of hBD4 was 
positively correlated with WBC and ESR (inflammatory markers), and 
this may suggest that hBD4 is linked to inflammation in COVID-19 

patients. Taken together, these results suggest a role for hBD4 in im-
munity and inflammation and may be associated with susceptibility to 
COVID-19, but further studies in this context are warranted. 

Regardless of these findings, the study faced some limitations. First, 
asymptomatic COVID-19 patients and patients with mild or critical 
illness were not studied. Second, although the levels of hBDs did not 
show any age-related differences, the sample size of patients in the <45- 
year-old group and controls in the ≥45-year-old group was small. Third, 
serum levels of some pro-inflammatory cytokines were not determined. 
Fourth, Data regarding viral load at the time of the study were not 
obtained. 

In conclusion, the study indicated that hBD2 showed low levels in 
serum of patients infected with severe COVID-19, while hBD4 showed 
elevated levels. These differences in HBDs were not influenced by age, 
gender, BMI, or chronic disease. 
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