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Abstract: The polymorphisms in the genes of NLR family pyrin domain containing protein 3 (NLRP3) 

and inflammatory markers are related to the severity and Susceptibility of coronavirus 2019 (COVID-

19). The aim of the study to determine the role of variants in the genes of NLRP3 and their effects on 

severity and/ or susceptibility in COVID-19 disease we used allele-specific primer method to analyze 

NLRP3 variants rs35829419, rs10754558 also, The infection with COVID-19 in the first stage leads to 

Neutrophilia, while the increased severity of the disease leads to lymphopenia, and the first indicator for 

storms of cytokine is the neutrophil-to-lymphocyte ratio (NLR). Therefore, the current study is designed 

to offer data for local information about parameters of hematology among patients with COVID-19 and 

evaluate their relationship with further factors. Between December and October, 2022 blood specimens 

and nasopharyngeal swabs (99) were taken from patients with COVID-19. Samples were established by 

antibody IgM and IgG for COVID-19, real-time reverse transcriptase polymerase chain reaction (rRT-

PCR) assay, as well as analysis of blood samples to test the hematological parameters. The results 

exhibited NLPR3 rs35829419 A allele and genotype CA are related to susceptibility and the presence of 

COVID-19. NLR, CRP, D-dimer, Ferritin, LDH were increased significantly and associated with the 

disease severity. It was concluded the NLR can be used as a suitable biomarker assistant to laboratory 

records in the progression of disease and evaluating the severity of the cases. 
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Introduction 

There are many signs with 

SARS-CoV-2 such as cough, shortness 

of breath, pneumonia, formation of 

sputum, fever,  and fatigue or myalgia 

(1). This indicates that SARS-CoV-2 

affect on respiratory system . Infection 

with SARS-CoV-2, also, can lead to 

diseases of tissue, such as weak 

appetite, diarrhea, vomiting, nausea, 

headache, and confusion, as well as 

chest distress, heart injury systems, and 

palmus (2,3). Depending on the 

severity of the disease and clinical 

symptoms the World Health 

Organization (WHO), rules separate 

the patients into three groups, critical, 

severe, and mild. Severe COVID-19 

can causes a lack in supply of oxygen 

by alveoli into the blood. Therefore, to 

deliver O2 to lungs, mechanical 

ventilators are needed for patients. 

Despite these concentrated efforts, 40% 

of patients do not live (4). To classify 

patients of COVID-19 into risk groups 

which is essential in the therapeutic 

management and clinical setting, the 

Laboratory registers, taking into 

account biochemical, hematological, 

immunological parameters, and 
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inflammatory (5,6). COVID-19 is a 

systemic disease with a significant 

effect on the hemostasis and 

hematopoietic system. Infection with 

SARS-CoV-2 causes Neutrophilia in 

an early stage of the disease, while 

lymphopenia is related with increased 

severity of the disease as well as the 

storms of cytokine are related to 

neutrophil-to-lymphocyte ratio (NLR). 

The essential problem of the outbreak 

of COVID-19 is the disease symptoms 

that are varied and may affect in 

diverse appearances between the 

patients (7,8,9). The polymorphisms in 

the genes of NLR family pyrin domain 

containing protein 3 (NLRP3) and 

inflammatory markers are related to the 

severity and Susceptibility of 

coronavirus2019 (COVID-19), Genetic 

variations in the gene of NLRP3 can 

change its activity ,There for , two 

variants of NLRP3 genes rs35829419, 

rs 10754558 were analyzed by allele-

specific primer method to 

establishment their role in COVID-

19,also The current study is designed to 

recognize the correlation between some 

risk factors and the alteration in the 

severity of disease among patients with 

COVID-19, as well as to offer local 

data about hematological parameters in 

moderate, and severe cases and 

evaluate their correlation with further 

factors. 

Materials and methods 

Subject 

We focused on patients of 

Iraq in Baghdad Teaching Hospital, 

patients (42 – 55) age and control age 

(37 – 51). There are two groups of 

patients severe and moderate (31 

and 68). WHO Interim Guidance 

recognized Criteria: 

1- Moderate (patient infected with 

pneumonia and without severe 

pneumonia). 

2- Severe (pulse saturation of 

oxygen (SpO2) ≤ 93% or the rate 

of respiration ≥ 30 breaths/min, 

severe respiratory distress) (10) . 

In a patient group of 99 

individuals, some of them had 

hypertension and some diabetes 

(53.5 and 51.5%). A group of 

control (96) were without 

chronic diseases (diabetes and 

cardiovascular) and in the past 

12 months, they were without 

respiratory infections, as well as, 

by use of COVID-19 IgM and 

IgG antibodies tests, their serum 

was negative. 

Detection of SARS-CoV-2 

After4–5 days of 

hospitalization, nasopharyngeal 

swabs were obtained from patients. 

The RNA of virus was isolated by 

Mini kit QIAamp Viral RNA. SARS 

was diagnosed by real-time 

polymerase chain reaction analysis 

using a commercial kit and followed 

by the manufacturer's instructions.  

Estimation of some biomarker 

Venous blood (5ml) was 

collected and spread into EDTA 

and plain tubes (2 and 3 mL). CRP 

was tested in Serum by using an 

electro-chemiluminescence 

immunoassay system. White blood 

cells were counted using EDTA 

blood by an automated hematology 

analyzer. The Neutrophil/lymphocyte 

ratio was found by dividing the 

neutrophil absolute by the 

lymphocyte absolute.   

Detection of NLRP3 genes 

polymorphism 

Two SNPs of NLRP3 genes 

rs35829419 and rs10754558, were 

recognized. EDTA blood was used to 

isolate genomic DNA with the 
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gSYNC DNA extraction kit 

(Geneaid, Taiwan). To detect target 

SNPs, DNA isolation was exposed to 

PCR. SNP data and The DNA 

sequence of the NLRP3 gene we r e  

downloadedfirst (http://asia.ensembl. 

org), and then, Primers were 

designed in this study by using the 

Amplifx program as follows ;  

rs35829419F 

C/A(CCGACACCTTGATATGGTGC) 

rs35829419R  

(TGCTCCAAGTAGCTTACAAGAAA)   

rs10754558F 

G/C(CAGCATCGGGTGTTGTTG)  

rs10754558R 

(CCAGCTACAAAAAGCATGGA)  

The PCR was performed in a 

total volume of 25 μL, with 5 μL 

AccuPower PCR PreMix (Bioneer, 

Korea), 3 μL DNA with  1 μL from 

each primer (forward and reverse), and 

N.F.W 15 μL, The tube was 

transported to a thermal cycler  

(Eppendorf, Germany) that was 

programmed as follow: Cycle of 

denaturation (94 
◦
C for 3 min), 

then 35 denaturation cycles of (94 

C for 30 s), annealing (51
◦
C for 

rs10754558; 53 
◦
C for rs35829419) 

extension (72 
◦
C for 30 s), and a 

final extension cycle (72 
◦
C for 5 

min). The PCR products were 

electrophoresed in agarose gel 

(1.5%; 5 V/cm
2
 for 55 min), and a 

gel documentation system was used 

to visualize the migrating bands. 

Statistical analysis 

Percentage and Number 

were depended on to define 

significant differences and 

categorical variables were evaluated 

by the two-tailed Fisher exact and 

Chi-square test. For normality, 

continuous variables were tested 

(Kolmogorov-Smirnov and 

Shapiro-Wilk test). Usually spread 

variables were evaluated as, mean 

with standard deviation (SD), and 

the Student t-test was used to check 

significant differences. The median 

and interquartile range were used to 

express the nonparametric variables 

(skewed), to conclude significant 

differences the Mann-Whitney U 

test was used. GraphPad Prism 

version 8.0.0 (San Diego, 

California USA) and IBM SPSS 

Statistics 25.0 (Armonk, NY: IBM 

Corp.) were used for these graphs  

and analyses. To determine the 

power of the sample size the 

G*Power software (version 3.1.9.7) 

was used. 

Results and discussion 

Baseline characters of patients with 

COVID-19  

Higher rates of platelets and 

WBC were exhibited in moderate 

cases compared with severe (241.7 

vs. 144; 6.48 vs. 3.49; respectively p 

< 0.001). A higher ra te  of  

Neutrophil was exhibited in severe 

cases compared with moderate (2.4 

vs 1.5 p < 0.001). Higher rates of 

Ferritin and CRP were exhibited in 

severe cases compared with moderate 

(981 vs 360; 29 vs 9.7; respectively p 

< 0.001). Higher the rate of D-dimer 

and LDH were exhibited in severe 

cases compared with moderate (995 

vs 322; 289 vs 200 respectively;   p < 

0.001) , hypertension and diabetes 

were higher in severe cases 

compared to moderate (29 vs 24; 27 

vs 24: respectively. p < 0.001)   

(Table 1). 

 
 

 

http://asia.ensembl.org/
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Table )1): Baseline blood parameters and chronic disease in СΟVΙD-19 patients. 

Parameter 
COVID-19 patients; N = 99 Reference 

range† 
p -Value 

Mild-moderate; N = 68 Severe; N = 31 

Platelets (× 10
9
/L) 241.7 (191.3 – 275.5) 144 (111 – 160) 135 - 317 < 0.001 

WBC (× 10
9
/L) 6.48 ± 1.4 3.49 ± 0.84 3.4 - 9.6 < 0.001 

Neutophile / 

lymphocyte ratio 
1.5 (1.2 – 1.6) 2.4 (2.2 – 2.9) 1.8 - 2 < 0.001 

CRP (mg/L) 9.7 (5 – 16.2) 29 (27.3 – 61.1) 8 - 10 < 0.001 

Ferritin (ng/ml) 360 (260 – 521) 981 (780 – 1297) 20 - 250 < 0.001 

D. dimer (mg/L) 322 (230 – 507) 995 (810 – 2106) ≤ 500 < 0.001 

LDH (IU/L) 200 (165 – 215) 289 (265 – 395) 105 - 333 < 0.001 

Diabetes 24 (35.3) 27 (87.1) ---- < 0.001 

Hypertension 24 (35.3) 29 (93.5) ---- < 0.001 

Data are liable as mean ± standard deviation, median, and interquartile range (IQR) 

(continuous variables) or number and percentage (categorical variables as present). Means were 

compared with the Student t-test. Medians were compared with the Mann-Whitney U test. Significant p-

value is indicated in bold. WBC: White blood cell count; CRP: C-reactive protein; LDH: L-

dehydrogenase; SD: Standard deviation; †: Data source from https://www.mayoclinic.org.

The levels of platelets 

decreased in severe cases .COVID-

19 display proplatelet formation 

and an abnormal megakaryocyte 

distribution (11, 12, 13). Platelets 

can be stimulated by the complexes of 

viral antigen-antibody or the responses 

of host inflammation, stimulated 

platelets are more readily cleared from 

the circulation by the 

reticuloendothelial system. Platelet 

interacts directly with the virus by a 

variety of receptors. The released 

products of platelets can destroy the 

virus (14). The synthesis of platelets 

can be reduced by the interaction of 

viruses with megakaryocyte(15). Also, 

the levels of WBC were decreased in 

severe cases because the virus 

infected those cells, which caused lysis 

of these cells. Moreover, apoptosis may 

be promoted by the storm of cytokine 

and increased levels of tumor necrosis 

factor TNFα and interleukins (16) 
.
 The 

neutrophil to lymphocyte ratio (NLR) 

was increased as shown in Figure 1, the 

poor clinical outcome with higher 

disease severity led to an increase in 

NLR and neutrophil count(17,18). The 

results refer to CRP, LDH, 

D.dimer, Ferritin, hypertension, and 

diabetes were used as danger factors 

to recognize severe sickness in 

patients and recognize the risk 

classification to the probability of 

severe illness in patients. CRP was 

produced by hepatocytes, it’s a 

nonspecific protein that plays a role 

during inflammation and infection. 

68% of severe cases established 

increased levels of CRP (19,20)
.
 

Oxygen saturation was related to 

the levels of CRP, and there is an 

increase in the levels of CRP in 

patients with SpO2 ≤ 90% compared to 

patients with SpO2 > 90%, Moreover, 

the patients of COVID-19, increased 

levels of CRP, IL-10, and IL-6, were 

related with decreased SpO2 

(21,22,23). 

In this study, the severe cases 

had hypertension and diabetes. some 

study establishes a bad result in 

COVID-19 was related with 

hypertension and T2DM, NLRP3 

inflammasome is stimulated by T2DM 

as showed by the activity of NLRP3 

and increase the levels of caspase-1, 

monocytes, IL-18, and IL-1β behind 

activation of    PBMCs (24, 25). 

Moreover, NLRP3 plays an important 

role in atherosclerosis and endothelial 

https://www.mayoclinic.org/


 

Iraqi Journal of Biotechnology                                                   253 
     

 

inflammation in diabetes (26) In 

patients with T2DM in Chinese, insulin 

resistance is related to the rs10754558 

NLRP3 GG genotype (27) The NLRP3 

controls on beta cells in the pancreas 

and obesity is related to the resistance 

of insulin therefore, NLRP3 contributes 

to T2DM and insulin resistance (28). 

NLRP3 inflammasome contributes to 

hypertension by the role of low-grade 

inflammation , The variants of NLRP3 

rs7512998 are related to n hypertension 

(29). Therefore, COVID-19 is 

associated with the presence of 

hypertension and diabetes due to those 

two conditions displaying stimulation 

of NLRP3 inflammasome that is 

stimulated with the infection. 

In this study, ferritin was 

associated with severe cases, Ferritin is 

the key to deregulation of the immune 

system, mainly with hyperferritinemia. 

Ferritin plays an essential role in the 

storm of cytokine by its pro-

inflammatory effects and suppressive 

of the immune system. SARS CoV-2 

causes Inflammation and this led to an 

increased production of ferritin to 

reduce the iron effect. cytokines and 

macrophages cause hyperferritinemia 

by the Production of active ferritin, 

which leads to the increased creation of 

IL- 10 (immune suppression) and IL-1β 

(proinflammatory cytokines). Extra 

ferritin causes fibrosis or tissue damage 

by the creation of reactive oxygen 

species (ROS). Therefore, ferritin may 

be a factor that effects COVID-19 

severity(30,31,32). The LDH levels are 

related with severe cases , LDH is an 

enzyme created in all cells in the   body 

and responsible for the production of 

energy. LDH was used as indicater for 

damage in tissues also its related to 

interstitial lung disease and diseases of 

the liver. The increased level of LDH is 

considered a symbol of cell/tissue 

damage, suggestive of lung damage, 

e.g. pneumonia produced by         

SARS (33). The D-dimers increase in 

severe cases, It is used for the 

prediction and diagnosis of thrombosis 

recurrence and intravascular 

coagulation (34, 35). The value of D-

dimers, in patients was related to 

mortality and severe disease 

progression (36, 37). Several studies 

detected mild lobular, portal 

inflammatory, and microvesicular 

steatosis by postmortem liver 

biopsy(38), Further studies showed 

vascular walls with fibrous thickening, 

luminal ectasia, and thrombosis, 

suggesting in COVID-19 liver failure 

includes coagulation, dysfunction and 

endothelial lesion (39). Therefore,       

an increased level of D-dimers          

can refer  to damage to the liver Figure 

1: refer to a significant difference    

( p<0.001) between patients 47 (42-55) 

age and control age (HC) 42 (37 – 

51); and in the concentration of CRP 

stratified by age group/year (≤ 45 and 

> 45 years), while there is no 

significant differences between the two 

group of sex (male and female) in 

COVID-19 patients; p = 0.758. 

Moreover, a significant difference ( p < 

0.001)  in the Concentration of Ferritin 

(ng/ml), D-dimer (mg/L), and  LDH 

(IU/L) stratified by age group/year (≤ 

45 and > 45 years), While the 

differences are not significant between 

the two groups of sex (female and 

male) in patients. 
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Figure )1(: Concentration of CRP, LDH, ferritin, and D-dimer as a biomarker stratified by age 

group/year (≤ 45 and > 45 years) and gender (female and male) in patients of COVID-19. 

 

The study exhibited that 

CRP, LDH, D.dimer, and Ferritin 

increased in older people >45 

(severe cases) and they more 

susceptible to being infected with 

the virus. Older people have been 

described with difficulty breathing 

and don’t have signs of COVID-19, 

for example: smallness of breath 

and fever while they have dementia, 

delirium, and confusion, which lead 

to further death(40). The immune 

system of older people is 

responsible for an increased 

susceptibility to COVID-19 (41, 

42). A mark of elderly is the change 

of the adaptive and innate immunity 

to forming states of inflammation in 

the body (43). Moreover, aging is 

related to downregulated in the 

functions of cells with the adaptive 

immunity; such as T-cytotoxic, 

antigen-presenting, and B cells, and 

this may respond to the adaptive 

immunity to control inflammation 

and infection (44). Then, age was 

related to reduced regulation and 

functions of the immune system, 

described as inflammation and 

immunosenescence, that 

responsible for increased infection 

with COVID-19 moreover, 

increased stimulation of the NLRP3 

is accompanied by increasing in age 

by an explanation of death because 

of COVID-19(45). In terms of sex, 

patients showed males 50 (51.5%) 

and females 49 (49.5%), and there 

is no significant difference was 

showed between groups (p =0.944). 
Table (2): Distribution of gender among COVID-19 patients and controls groups 

control (N = 96) Patients (N = 99) 
COVID-19 

% N % N 

50 48 51.5 50 Male 

50 48 49.5 49 Female 

D.F. = 1; Pearson X2 = 0.005; p = 0.944 (NS) Statistical analysis 

P: Probability ; NS: Not Significant (p > 0.05); D.F; Degree of freedom. 
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The current study showed that 

sex affected on appears COVID-19. 

Much research revealed potential 

causes of sex differences such as sex 

hormones (46), X chromosome, the 

effect of COVID-19 infection, vitamin 

D, and obesity (47). Sex hormones 

have a number of distinct effects on the 

immune system that are crucial to the 

pathophysiology of COVID-19 

(48,49,50). 

 
Figure (2): Refer to agarose gel electrophoresis (1.5%; 5 V/cm2 for 55Min.) of DNA–PCR products 

for SNPs of   NLRP3 gene; C: 378 bp for rs35829419 (C/A), D: 318 pb for rs10754558 (G/C),. M: 

DNA ladder (100bp). 

NLRP3 polymorphism 

(Figure 2) shows conventional 

PCR was used to detection of SNPs in 

the gene of NLRP3   the outcomes of 

gel electrophoresis exhibited  

genotypes for each SNP rs35829419, 

. The products of DNA PCR for the 

gene of NLRP3 SNPs;,. M: DNA 

ladder (100bp) as shown in Figure (2). 

(CC, CA, AA) for rs35829419, (GG, 

GC, CC) for rs10754558 ,A: 378 bp 

for rs35829419 (C/A), B: 318 pb for 

rs10754558 (G/C) In COVID-19 

controls and patients the 

frequencies of genotype  

rs35829419, rs10754558, SNPs 

were in good agreement with 

Hardy-Weinberg (HWE). The 

genotype and allele frequencies did 

not display significant variation 

with the exception the rs35829419 

A allele and genotype CA in 

patients more than controls (28.8 vs. 

18.8 %; OR= 1.75; 95% CI = 1.09-

2.81; p<0.013 for allele), (45.5 vs 

30.5 %; OR=1.82; 95% CI =1.01-

3.26; p <0.032 for genotype), 

respectively (Table 3). 
 

Table (3): Hardy-Weinberg and Logistic regression analyses of NLRP3 gene SNPs in COVID-19 

patients and healthy controls. 

SNP 
Allele/ 

genotype 

COVID-19 HC 
OR 95% CI 

p-value  

(pc) N % N % 

rs35829419 C 141 71.2 156 81.3 Reference   

C/A A 57 28.8 36 18.8 1.75 1.09 – 2.81 0.013 

 CC 48 48.5 62 66 Reference   

 CA 45 45.5 32 30.5 1.82 1.01 – 3.26 0.032 

 AA 6 6.1 2 3.5 3.88 0.83 – 18.13 0.088 

HWE-p-value  0.280  0.357     

rs10754558 G 149 75.3 130 67.7 Reference   

G/C C 49 24.7 62 32.3 0.69 0.44 – 1.07 0.062 

 GG 59 56.6 47 45.9 Reference   

 GC 31 37.3 36 43.7 0.69 0.37 – 1.26 0.147 

 CC 9 6.1 13 10.4 0.55 0.22 – 1.38 0.152 

HWE-p-value  0.113  0.163     

SNP ( Single nucleotide polymorphism); HC( Healthy controls) , HWE (Hardy-Weinberg equilibrium); 

CI ( Confidence interval) ; OR( Odds ratio); p: Two-tailed Fisher's exact probability; (The bold line is 

refer to significant p-value). 
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This study finding the NLPR3 

rs 35829419 A allele and genotype CA 

are related to CoV-19 susceptibility. 

The gene of NLRP3 is found in 1q44, 

with a length of ~30 kbp, involving 8 

introns and 9 exons(51)
.
 NLRP3 is 

fellow to the family of        NLR and plays 

an important role in increasing the 

production of inflammatory cytokine 

(51) Alteration in the gene of 

NLRP3 could change its activity. 

NLRP3 gene with SNPs was related to 

inflammatory disorders with genetic 

origin and increased secretion of IL-1β 

(52). Mutations in the genes of 

inflammasome causes inflammatory 

disorders such as increased secretion of 

IL-1β lead to chronic inflammation, and 

involved infection with  virus (53). The 

polymorphism of NLRP3 rs35829419 

is related to susceptibility to many 

diseases such as colorectal cancer, 

leprosy, rheumatoid arthritis, HIV-1 

infection,  inflammatory bowel disease, 

abdominal aortic aneurysms, ulcerative 

atopic dermatitis and colitis. The 

polymorphism of NLRP3 rs35829419 

C>A is found in 3'-UTR of the gene and 

may affect the expression of NLRP3 

mRNA and stability (54)
.
 This variant 

is an increased of function mutation, it 

causes high secretion of IL-18 and IL-

1β. Therefore, NLRP3 rs35829419 

affects a range of inflammatory 

diseases.  

The polymorphism of NLRP3 

rs10754558 C >G i s  found in the 3 

–UTR. alteration in the 3 -UTR 

leads to alter in the function of the 

inflammasome through the affecting on 

the release of IL-1β, IL-18, and 

stability of mRNA(55)
.
 Hitomi et al. 

(2009) showed The NLRP3 

rs10754558 affected to mRNA stability, 

and increase gene expression(56)
.
 

Moreover, a study in Brazilian establish 

a relationship between protection 

against HIV-1 and rs10754558 G 

allele(57).Also Brazilian group 

displayed the NLRP3 rs10754558 C/C 

genotype affect on the levels of IL-

1β(58,59)
.
 Numerous studies displayed 

the relationship of this polymorphism 

with many diseases (60,61). 

In conclusion the blood 

biomarkers, hypertension, diabetes, 

age and gender group were played an 

essential role in exposure to 

COVID-19, as well as the 

polymorphism of NLRP3 is related to 

the presence of COVID-19 and severity 

of disease this led to a many studies in 

the future  about the correlation 

between polymorphism of NLRP3, 

hematological Parameters and the 

disease severity.   
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