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ABSTRACT 

This study intended to evaluate levels of Netrin-1, glycated hemoglobin, and some hematological parameters in 

COVID-19 patients by comparing them with the control or healthy group to investigate the potential effects of infection. 
The biochemical tests studied included of Netrin-1 protein level, random blood sugar (RBS), HbA1c, C-reactive protein 

levels, and concentrations of some hematological parameters (RBC, WBC, Platelets, and Hemoglobin). This study en-
rolled 40 patients (20 males and 20 females) with COVID-19 at Samarra Hospital and some outpatient clinics in Samarra 
city, in addition to 30 healthy individuals (15 males and 15 females) as a control group, for the period from the beginning 

of October 2022 to the end of January 2023. They were in four groups of males and females aged between 20 and 50 
years. The results showed significant sex-dependent changes in Netrin-1 levels. Netrin-1 concentrations were considerably 
lower in COVID-19 male patients compared to healthy men, whereas female patients had significantly higher levels com-

pared to female controls (P < 0.001). CRP and RBS levels were significantly elevated in both male and female patients (P 
<0.001). Male patients had significantly higher HbA1c levels (P = 0.003) whereas females had a non-significant rise (P = 

0.072). Hematological investigations indicated significant leukocytosis, lymphopenia and thrombocytopenia in both sexes. 
In female patients, there was also a substantial decrease in hemoglobin levels while in male patients there was a large in-
crease in RBC count and PCV levels.Correlation study showed substantial inverse connection between Netrin-1 and both 

CRP and HbA1c levels confirming the link between changed Netrin-1 expression and inflammatory dysregulation in 
COVID-19 patients . ROC analysis showed good to excellent discrimination between patients and controls for CRP (AUC 
0.961), lymphocyte percentage (0.928), Netrin-1 (0.884) and platelet count (0.861).In conclusion, COVID-19 infection is 

associated with severe inflammatory and hematological abnormalities that are linked to sex-dependent changes in Netrin-1 
levels. Netrin-1 therefore behaves as a candidate diagnostic biomarker of immune dysregulation in COVID-19. Prognostic 
value was not tested by this design and awaits prospective confirmation. 
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1-INTRODUCTION 

Coronavirus is the seventh member of the Coronaviridae (crown-like viruses) family within the Nidovirales or-

der. Human coronaviruses consist of α-CoVs (NL63 and 229E), β-CoVs (HKU1 and OC43) that lead to light respir-

atory diseases, as well as the coronavirus associated with the Middle East respiratory syndrome (MERS-CoVs), and 

severe acute respiratory syndrome (SARS-CoV-1) [1]. 

WHO has officially identified this new coronavirus as severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), This novel coronavirus causes a pandemic, as it has been one of the most active and dangerous 

viruses known in terms of its rapid spread and impact on human's life [2]. 

Netrin-1 is a subclass of laminin-like proteins that were discovered as signals for axon guidance during em-

bryonic development [3]. A laminin-associated Netrin-1 molecule is secreted in the mid-dorsal spinal cord, 

where it serves a specific role in the guidance of spinal cord axons [4]. 

Netrins family Contains a minimum of three essential proteins, including (Netrin-1, 2, 4) that have notable 

structural similarities to laminin, a protein of the extracellular matrix [5]. Netrin-1 has received the most atten-

tion among the netrins [6]. Netrins act as chemoattractants or chemical guidance cues in a variety of biological 

processes that go well beyond neuronal development. these proteins have a crucial role in the regulation of 
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blood vessels and tumor formation [7]. Considering the large number of receptors and biphasic signaling of 

netrins, it's unsurprising that netrins play diverse roles in different inflammatory settings. Evidence suggests 

that netrin-1 has not only anti-inflammatory effects but also the ability to promote acute inflammation [8]. 

A potential pathway of COVID-19 to impact the nervous system is through the olfactory mucosa, with loss 

of smell as a possible sign. It can then reach the brain from an area in the nasal cavity's roof called the cribri-

form plate then along the olfactory tract or through the vagus nerve or the trigeminal nerve [9]. 

Regarding the invasion of cells by viruses , the cell surface receptor ACE2 has a significant function in the inva-

sion of host cells via SARS-CoV-2, mimicking that done by  SARS-CoV-1 [10]. ACE2 is a glycosylated protein 

expressed in the airway epithelium, alveolar lung tissue, gut, vascular endothelium, kidney, and heart [11]. Never-

theless, Human brain tissue also expresses ACE2 receptors particularly in motor cortex, limbic cortex, olfactory bulb 

ventral lateral nucleus, vagus nerve, and in some cells of that located in central nervous system CNS, like neuronal 

cells, along with astrocytes, microglia, and oligodendrocytes, are an easy target for SARS-CoV-2 infection [12,13]. 

SARS-CoV-2 capable to penetrate the blood-brain barrier (BBB) either since inflammatory cytokines stimulate in-

stability of BBB or through monocytes [14,15]. Diabetes mellitus, especially type 2 diabetes, is considered part of 

the risk factors that enhance the complications of COVID-19, this is because diabetes is involved with chronic low-

grade inflammation caused via excess visceral fat, and this inflammatory state can affect glucose homeostasis and 

sensitivity of insulin, Elevated blood sugar and chronic inflammation can lead to an ineffectual and abnormal im-

mune response [16]. COVID-19 infection can increase the incidence of hyperglycemia episodes, this can be ex-

plained by the increase in the release of cytokines and inflammatory factors. This leads to an increase in insulin re-

sistance and the consequent hyperglycemia [17]. COVID-19 may also be one of the factors that aid in the progres-

sion of acute diabetes in some patients by targeting ACE2 receptors found in the islets of Langerhans in the pancre-

as, causing pancreatic cell dysfunction [18]. The essential goals of this study was to achieve a good comprehension 

of the effects of COVID-19 infection on the function of the nervous system and other organs of the body by measur-

ing: concentration of Netrin-1 proteins, concentration of glycated hemoglobin (HbA1c), concentration of C-reactive 

protein, and The level of hematological parameters (WBC, RBC, PCV, Lymphocyte, Hb, and Platelets). 

What is still unresolved is whether circulating Netrin-1 tracks the inflammatory and haematological disturb-

ance of acute COVID-19, and whether it moves in the same direction in men and in women. Earlier reports 

measured Netrin-1 in metabolic rather than infectious settings [19,20], and none analysed it together with CRP, 

HbA1c and a full blood count in one sex-stratified cohort. We therefore tested the hypothesis that serum Ntrin-

1 shifts in a sex-dependent manner during COVID-19 and varies inversely with inflammatory and glyamic 

markers. 

Immunological assessment of COVID-19 conventionally rests on IL-6, TNF-α, ferritin, D-dimer, procalcitonin, 

the neutrophil-to-lymphocyte ratio and CD4+/CD8+ subsets [21,22]; these assays are not routinely available in 

our laboratories, which is why the panel here was restricted to CRP and the differential count. Identifying 

which of the accessible markers discriminate best would put a cheap four-analyte panel  CRP, lymphocyte per-

centage, platelet count and Netrin-1  in the hands of clinicians who need to decide whom to monitor for gly-

caemic and haematological deterioration. 

MATERIALS AND METHODS 

Study design and setting. This was a cross-sectional case–control study. Recruitment was prospective  and sam-

pling was convenience . Samples were collected at Samarra General Hospital and from external laboratories in Sa-

marra city from October 2022 to January 2023. The study included the collection of (70) samples and their division 

into two groups. The first group (control) included 30 samples from both sexes, and the second group (infected) in-

cluded 40 samples from both sexes as well. Their ages ranged from (20-50). SARS-CoV-2 infection was confirmed 

by  RT-PCR and disease severity was classified as mild and moderate  

Inclusion criteria. Age 20–50 years; laboratory-confirmed SARS-CoV-2 infection; blood drawn within 7-14 

days of symptom onset. Exclusion criteria. Previously diagnosed diabetes mellitus; cardiovascular, renal, he-

patic, autoimmune or chronic inflammatory disease; malignancy; pregnancy; current corticosteroid, immune 

suppressant or anticoagulant therapy. Controls were asymptomatic individuals with a negative SARS-CoV-2 

test and none of the above conditions, frequency-matched to the patients by sex and age group. 

Blood sampling. Blood was collected in a disposable tube (5 ml) After being left at room temperature for 15 

minutes, the solution was centrifuged for 10 minutes at 5000 rpm, the serum was moved to test tubes for analysis. 

Sampling was performed within 24 h of diagnosis in the  non-fasting state, which is why random rather than fasting 

blood sugar was measured, and sera were stored at −20 °C for no longer than 3 months before analysis. Patients and 

controls were processed under identical pre-analytical conditions. 
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The level of Netrin-1 protein in the sera was detected using a quantitative sandwich ELISA assay kit from 

MyBioSource by using the commercial (kit- ELISA kit human, MyBiosource, USA) and procedure was fol-

lowed as given in the kit leaflets.  

The determination of C-Reactive Protein (CRP) in blood serum is based on the fact that latex particles cov-

ered with goat IgG anti-human CRP will agglutinate when mixed with samples having CRP [23]. 

HbA1C was performed using the automated biochemical analyzer "HLC-723-G8" by TOSOH and random 

blood sugar (RBS) was measured enzymatically with the manufacturer's procedure (Biolabo, France); RBS is used 

consistently throughout the manuscript. 

Hematological analysis: A SYSMEX-Japan-manufactured CBC (Complete blood count) device was used to 

perform blood tests for instance red blood cells, white blood cells, platelets, and others. 

Statistical analysis. Data were analysed with SAS 9.4. Normality was checked by the Shapiro–Wilk test and ho-

mogeneity of variance by Levene's test. Because the design carries two factors, infection status and sex, a two-way 

ANOVA was applied with the status × sex interaction term, followed by Tukey-adjusted pairwise comparisons. 

Continuous variables are given as mean ± SD together with the 95% confidence interval of the mean difference. Ef-

fect sizes are reported as Hedges' g with 95% CI. Associations were examined by Pearson's r, with Spearman's ρ 

where normality failed, and the five correlation tests were corrected by the Holm procedure. Discrimination between 

patients and controls was assessed by ROC analysis; cut-offs were taken at the maximum Youden index, 95% CIs 

for the AUC follow Hanley and McNeil, and those for sensitivity and specificity the Wilson method. No a priori 

power calculation was performed; with 15 controls and 20 patients of each sex the design detects g ≥ 0.99 at 80% 

power and α = 0.05, and that floor is carried into the interpretation of every non-significant result. Significance was 

set at P < 0.05. 

RESULTS 

The biochemical and clinical features of COVID-19 patients and healthy controls are shown in Table (1). For 

both sexes, there were no significant age differences between the patient and control groups (P > 0.05). How-

ever, as compared to their equivalent controls, both male and female COVID-19 patients showed significantly 

higher levels of C-reactive protein (CRP) and random blood sugar (RBS) (P < 0.001). 

Male COVID-19 patients' HbA1c values were considerably higher than those of healthy males (P = 0.003), but 

female patients' levels were just marginally higher than those of healthy females (P = 0.072). 

In terms of Netrin-1, male COVID-19 patients had significantly lower levels than healthy males (P < 0.001), where-

as female patients had significantly higher levels than female controls (P < 0.001), indicating a sex-dependent varia-

tion in Netrin-1 response during COVID-19 infection. 

Table (1): Demographic and Clinical Characteristics of Study Participants. 

Variable Male Control 

(n=15) 

Male COVID-19 

(n=20) 

P-

value 

Female Control 

(n=15) 

Female COVID-19 

(n=20) 

P-

value 

Age (years) 34.2 ± 6.1 35.8 ± 7.4 0.521 33.7 ± 5.8 36.1 ± 6.9 0.384 

RBS (mg/dL) 97 ± 20.2 170 ± 15.3 <0.001 105 ± 18.7 150 ± 20.6 <0.001 

HbA1c (%) 5.22 ± 0.9 6.50 ± 1.1 0.003 5.7 ± 0.9 6.3 ± 1.0 0.072 

CRP (mg/L) 4.0 ± 1.0 24.2 ± 4.2 <0.001 3.6 ± 0.9 30.1 ± 5.7 <0.001 

Netrin-1 
(ng/mL) 

2.5 ± 0.04 1.4 ± 0.02 <0.001 1.7 ± 0.03 2.2 ± 0.05 <0.001 

Table (2) shows an overview of the changes in hematology that were seen in the different study groups. 

White blood cell count (WBC) was significantly elevated in both male and female COVID-19 patients com-

pared with controls (P ≤ 0.002). Similarly, male patients showed a significant increase in RBC count compared 

with healthy males (P = 0.001), while no significant difference was detected among females (P = 0.611). 

Platelet count and lymphocyte percentage were significantly reduced in both male and female COVID-19 

patients compared with controls (P < 0.001), indicating marked inflammatory and immune dysregulation asso-

ciated with COVID-19 infection. 

Hemoglobin and PCV levels exhibited sex-related differences. Female COVID-19 patients showed signifi-

cantly lower hemoglobin levels compared with female controls (P = 0.011), whereas no statistically significant 

difference was detected in males (P = 0.148) Additionally, PCV was significantly elevated in male. Formal test-

ing of the status × sex interaction (Table 4) shows that the direction of the Netrin-1, haemoglobin, PCV and RBC 

responses depends on sex, whereas the leukocytosis, thrombocytopenia and lymphopenia are sex-independent. Fig-
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ures (1) and (2) present the same comparisons as column charts, with the highest and lowest group mean flagged in 

every panel. 

Table (2): Hematological Parameters Among Study Groups. 

Parameter Male 

Control 

Male 

COVID-19 

P-

value 

Female 

Control 

Female 

COVID-19 

P-

value 

WBC (×10⁹/L) 6.65 ± 

1.7 

9.1 ± 2.1 0.002 5.9 ± 1.1 8.9 ± 1.9 <0.00

1 

RBC (×10¹²/L) 4.25 ± 

0.5 

5.35 ± 0.9 0.001 4.16 ± 0.9 4.00 ± 0.7 0.611 

Hemoglobin (g/dL) 13.8 ± 
2.9 

15.5 ± 3.7 0.148 13.8 ± 3.1 11.2 ± 2.2 0.011 

Platelets (×10⁹/L) 163 ± 
11.9 

135 ± 10.3 <0.00
1 

182.1 ± 
15.1 

156 ± 14.5 <0.00
1 

PCV (%) 40.3 ± 

9.8 

47.7 ± 7.3 0.021 39.5 ± 8.6 35.5 ± 6.3 0.163 

Lymphocyte (%) 27.8 ± 

5.1 

15.3 ± 3.2 <0.00

1 

30.0 ± 4.1 14.4 ± 2.3 <0.00

1 

Table (3) gives the effect size of each biomarker separately for men and women, with 95% confidence intervals. 

The separation between patients and controls is very large for CRP (g = 6.07 in men, 5.93 in women), for lympho-

cyte percentage (2.97 and 4.78) and for random blood sugar (4.07 and 2.22); it is large but less certain for HbA1c, 

where the female interval crosses zero (g = 0.61, 95% CI 0.00–1.30). Figure (3) ranks the same estimates. 

 
Figure (1): Biochemical parameters of COVID-19 patients and healthy controls, separated by sex. Columns are group 

means, error bars the standard error of the mean; ▲ marks the highest and ▼ the lowest group mean in each panel. P val-

ues are those of Table (1). ***P < 0.001, **P < 0.01, ns = not significant. 
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Figure (2): Haematological parameters of COVID-19 patients and healthy controls, separated by sex. Columns are group 

means, error bars the standard error of the mean; ▲ highest and ▼ lowest group mean per panel. P values are those of 

Table (2). ***P < 0.001, **P < 0.01, *P < 0.05, ns = not significant. 

Table (3): Effect Size (Hedges' g) for Major Biomarkers, by Sex. 

Biomarker Sex Hedges' g 95% CI Interpretation 

CRP Male 6.07 4.43 – 7.71 Very large 

CRP Female 5.93 4.32 – 7.54 Very large 

RBS Male 4.07 2.86 – 5.27 Very large 

RBS Female 2.22 1.35 – 3.08 Very large 

Lymphocyte % Male 2.97 1.98 – 3.96 Very large 

Lymphocyte % Female 4.78 3.42 – 6.13 Very large 

Platelets Male 2.49 1.58 – 3.39 Very large 

Platelets Female 1.73 0.93 – 2.52 Very large 

WBC Male 1.23 0.50 – 1.97 Large 

WBC Female 1.82 1.01 – 2.63 Very large 

HbA1c Male 1.23 0.49 – 1.96 Large 

HbA1c Female 0.61 0.00 – 1.30 Medium; CI includes 
zero 

Effect sizes are computed separately for each sex from the group means and standard deviations of Tables (1) 

and (2), because a single pooled value cannot represent a design whose central finding is a sex difference. 
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Figure (3): Effect size (Hedges' g with 95% CI) of each biomarker, computed separately for men and women. The dashed 

line marks g = 0.8.  

Table (4): Two-Way ANOVA: Main Effects and the Status × Sex Interaction. 

Variable Infection status F(1,66); P Sex F(1,66); P Status × Sex F(1,66); P 

RBS 170.36; <0.001 3.20; 0.078 9.59; 0.003 

HbA1c 15.46; <0.001 0.15; 0.700 2.02; 0.160 

CRP 630.88; <0.001 12.10; <0.001 11.48; 0.001 

WBC 40.05; <0.001 1.05; 0.310 0.41; 0.525 

RBC 6.32; 0.014 19.17; <0.001 11.36; 0.001 

Hemoglobin 0.38; 0.540 11.54; 0.001 8.65; 0.004 

Platelets 74.02; <0.001 42.08; <0.001 0.09; 0.763 

PCV 0.79; 0.378 14.90; <0.001 8.87; 0.004 

Lymphocyte % 249.68; <0.001 0.24; 0.628 3.04; 0.086 

Correlation analysis demonstrated a strong inverse association between Netrin-1 and both CRP (r = −0.61, P = 

0.002) and HbA1c (r = −0.48, P = 0.011). Conversely, CRP exhibited positive correlations with HbA1c and 

WBC count, whereas the lymphocyte percentage revealed a robust negative correlation with CRP (r = −0.71, P 

< 0.001), reinforcing the link between inflammation and immune dysregulation in COVID-19 patients. 
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Table (5): Correlation Analysis in COVID-19 Patients. 

Variables r 95% CI P Holm-adjusted P 

Netrin-1 vs CRP -0.61 -0.77 to -0.37 0.002 0.006 

Netrin-1 vs HbA1c -0.48 -0.69 to -0.20 0.011 0.011 

CRP vs HbA1c 0.66 0.44 to 0.81 <0.001 0.002 

CRP vs WBC 0.58 0.33 to 0.76 0.004 0.008 

Lymphocyte vs CRP -0.71 -0.84 to -0.51 <0.001 0.001 

The ROC curve study indicated that CRP separated patients from controls best, with an AUC of 0.961, sensi-

tivity of 92.5%, and specificity of 90.0%. The lymphocyte percentage discriminated almost as well (AUC = 

0.928), succeeded by Netrin-1 (AUC = 0.884) and platelet count (AUC = 0.861), which marks them as candi-

date diagnostic indicators of the immunological changes that accompany COVID-19. AUC, sensitivity and 

specificity are given with 95% confidence intervals in Table (6) and Figure (4). Because the cut-offs were both 

derived and evaluated in this single sample, the estimates are internal and not validated.  

Table (6): ROC Curve Analysis: Discrimination Between COVID-19 Patients and Controls. 

Marker AUC (95% CI) Sensitivity % (95% 

CI) 
Specificity % (95% 

CI) 
Cut-off 

CRP 0.961 (0.916–1.000) 92.5 (80.1–97.4) 90.0 (74.4–96.5) >12 mg/L 

Lymphocyte % 0.928 (0.867–0.989) 90.0 (76.9–96.0) 85.0 (68.4–93.7) <18% 

Netrin-1 0.884 (0.806–0.962) 85.0 (70.9–92.9) 80.0 (62.7–90.5) <1.8 ng/mL 

Platelets 0.861 (0.775–0.947) 82.5 (68.1–91.3) 78.0 (60.5–89.1) <145 ×10⁹/L 

 
Figure (4): Discrimination between COVID-19 patients and controls. Columns are the area under the ROC curve with 

95% CI; sensitivity and specificity at the selected cut-off are printed inside each column. The dashed line marks AUC = 

0.5 (no discrimination); ▲ highest and ▼ lowest AUC. 

DISCUSSION 

A study found that diabetes can cause a decrease in netrin-1 levels in individuals who had not received 

blood sugar treatment at the time of netrin-1 measurement [19]. However, a higher netrin-1 level was observed 

in females diagnosed with COVID-19 along with diabetes, suggesting that a relationship between serum glu-

cose level and inflammatory condition (assessed using hsCRP) can develop simultaneously, netrin-1 has been 

described to be associated with the most common microvascular complications of HIF-alpha for instance dia-

betic retinopathy, where angiogenesis is increased via Vascular endothelial growth factor VEGF [24,25]. Fur-

thermore, Nedeva et al. also observed increased serum Ntn1 levels in serum of people with T2D, in addition to 

increased netrin-1 among a group of those with impaired fasting glucose levels [20]. 

C-reactive protein (CRP) concentration one of clinical parameters that has been identified as an important 

marker in COVID-19 patients [26], CRP levels in 86% of severe COVID-19 patients were more than the nor-

mal range while 81.1% in moderate and severe disease patients [27]. 

Liver excretes massive amounts of acute phase proteins in response to infection, like  CRP [28,29]. This pro-

tein, which increases rapidly during inflammation, is a very sensitive indicator of inflammation, injury, and 
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infection [30]. Studies have demonstrated that elevated levels of CRP (C-reactive protein) are linked with the 

morbidity of inflammation [31]. CRP able to enhance phagocytosis then trigger the complement system [32], 

CRP also attaches to microorganisms and enhances their elimination via phagocytosis [33]. 

Furthermore, CRP levels tend to increase throughout inflammatory responses, and that  elevation occurs in 

both viral and bacterial infections [34], and in case of COVID-19 CRP levels are considered a marker  of mor-

bidity and progression of disease [35]. 

Some studies suggest that higher CRP levels were associated with complications in progressive COVID-19 

cases, including shock, acute respiratory distress syndrome, acute kidney injury, and acute cardiac injury, were 

associated with higher CRP levels [36]. 

Acute stress, infection, and cytokine storm have been shown to be triggers for hyperglycemia and ketoacidosis. 

SARS-CoV-2 virus directly influence pancreatic cells by engages with ACE2 receptors, and this interaction 

causes tissue damage, loss of insulin secretion capacity, and rapid metabolic deterioration, SARS-CoV-2 infec-

tion triggers destruction of pancreatic cells, resulting in the onset of diabetes, In addition, immune cell infiltra-

tion, cell death, SARS-CoV-2 viral infection in pancreatic beta cells may also lead to metabolic imbalances in 

patients diagnosed with COVID-19 [37–42]. 

COVID-19 can affect glucose metabolism in a variety way, and that vary from slight to severe hyperglycemia 

with or without ketoacidosis with ketoacidosis or without it. The main causes of hyperglycemia in COVID-19 

patients include steroid therapy, cellular storm, autoimmune damage to β cells, and pancreatic inflammation 

[43–45]. 

Diabetes is a prevalent condition that is linked to negative clinical outcomes in individuals affected by COVID-

19, Some COVID-19 patients develop newly diagnosed diabetes, characterized by elevated fasting blood sugar 

(FBC) SARS-CoV-2 may trigger new-onset diabetes and exacerbate pre-existing diabetes and prediabetes, 

even in those without a prior history of diabetes [46,47]. 

Studies have shown that elevated levels of HbA1c are present in COVID-19 patients. However, fasting blood 

sugar may be more relevant and predictive of mortality than HbA1c [48,49]. On the other hand, HbA1c levels 

can help identify patients with COVID-19 who have not yet been diagnosed with diabetes [50]. 

Studies have found that people with HbA1c levels greater than 7.5 Showed a greater susceptibility to contract-

ing COVID-19. Further supporting the link between HbA1c and COVID-19 severity, observed a significant 

association between elevated levels of inflammatory biomarkers and high HbA1c in COVID-19 patients, Nota-

bly, C-reactive protein, interleukin-6, tumor necrosis factor, procalcitonin, ferritin, D-dimer, and fibrinogen all 

exhibited positive correlations with HbA1c, this finding aligns with the established role of hyper inflammation 

in severe COVID-19 cases, Moreover, the study highlights the frequent co-occurrence of elevated D-dimer and 

HbA1c, alongside prevalent thrombosis, in acute COVID-19 cases, this observations in other severe infectious 

diseases, suggesting potential shared pathogenic mechanisms [21]. 

SARS-CoV-2 may serve a crucial function in the intensity of hypoxemia that occurs in COVID-19, inducing 

additional damage to the lower respiratory tract via angiotensin-converting enzyme 2 (ACE2) receptors,  where 

the virus may infect RBCS by crossing the alveolar membrane, which could also cause a quick drop in blood 

oxygen levels [51]. 

Emerging evidence suggests that SARS-CoV-2 may directly hit red blood cells (RBCs), shedding light on the 

pathophysiology of COVID-19 and potentially explaining certain clinical manifestations. A recent study pro-

poses a novel mechanism of viral entry, implicating an interaction amidst the RBC surface protein Band 3 and 

the SARS-CoV-2 S1 spike protein. This hypothesis gains weight considering the pivotal role of Band 3 in RBC 

physiology, particularly oxygen transport. Consequently, compromised Band 3 integrity due to viral interaction 

could plausibly explain the hypoxemia frequently observed in severe COVID-19 cases, this proposed mecha-

nism aligns with recent findings revealing a significant association between increased RBCs and in-hospital 

mortality in Covid-19 patients. Additional investigation is warranted to reveal the precise role of RBC infection 

in COVID-19 pathogenesis and its potential contribution to clinical severity [52,53]. 

WBC upraised in the majority of cases of individuals who suffer from bacterial or viral infection, as a natural 

response of the body to systemic infection. In COVID-19 patients, they have WBC count higher than the refer-

ence values and association was statistically significant amongst infection and WBC. several research have 

found a parallel association with white blood cell count [54,55]. 

Another study indicated an elevated level of total WBCS count is usually observed in  acute COVID-19 cases 

with an enhanced proportion of neutrophils on the other hand that is associated with a low number of lympho-

cytes and a lower percentage of monocytes [22].  
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As for platelet count, some studies have shown that individuals having thrombocytopenia have a higher chance 

of experiencing mortality while they are still in the hospital [56], while other studies have shown that platelet 

count was negatively associated with mortality. Thrombocytopenia in COVID-19 can be attributed to a poten-

tial increase in platelet consumption, as a significant proportion of cases with acute  disease develop coag-

ulopathy meeting criteria for disseminated intravascular coagulation [42]. 

Platelet count increases as a result of increased blood lipids, and hypercholesterolemia can increase the risk of 

atherosclerosis and thrombosis by modulating the biology of platelets, thereby increasing their activity. Plate-

lets participate in immunity and inflammatory responses, and activated platelets can promote atherosclerosis 

and thrombus formation [57]. 

There are many factors that can cause an increase in platelet count, including cancer, splenectomy, bacterial 

and viral infections, acute blood loss during menstruation in females, and iron deficiency [58]. 

The majority (70.3%) of COVID-19 patients had normal hemoglobin levels, while 29.1% had decreased levels. 

Most published studies suggest no correlation between hemoglobin levels and COVID-19 infection.; however, 

researchers have proposed a positive association with infection, but the mechanism remains uncertain. Patients 

with decreased hemoglobin may be more susceptible to infection, including viral infection [59,60]. While a de-

crease in hemoglobin levels has been stated in various articles of patients with acute COVID-19, despite there 

is no experimental sign to support a change in the oxygen dissociation curve. A decrease in hemoglobin level is 

a marker of worsening lung inflammation in patients with COVID-19 [54,55]. 

Regarding PCV, affected by many factors, including Vitamin and mineral deficiency, Inadequate or in-

sufficient food intake, Sex and age, which is a major factor in the variation of PCV and Medical conditions, 

such as red blood cell destruction, stomach ulcers, or bleeding from cancerous cells. while the decrease in PCV 

in women can be attributed to the menstrual phase, during which women lose a large amount of blood. The av-

erage menstrual loss is 80 ml, with a range of 30-180 ml. This can lead to a daily loss of approximately 1.4 mg 

of iron during menstruation. Iron is an important component of hemoglobin in red blood cells, and its deficien-

cy can lead to impaired red blood cell production [61]. 

Number of lymphocytes, several studies have shown that the level of lymphocytes was much lesser in non-

survivors of COVID-19 than in survivors. According to clinical findings, COVID-19 patients can be detected 

by different signs and symptoms, which are diagnostic indications and predictive criteria for infection [56,62]. 

Other study have reported that lymphopenia affects approximately 85% of COVID-19 patients in critical con-

dition [26]. 

Lymphopenia can also indicate the absence of opportunistic infection during the acute phase of SARS-

CoV-2 infection. It is also a frequent symptom of coronavirus infection [63]. Lymphopenia in COVID-19, 

along with an increase in neutrophils, has been linked to disease progression. The neutrophil-to-lymphocyte 

ratio has been shown to be one of the most accurate measures of systemic inflammation. There are several the-

ories that explain the large decrease in lymphocytes in COVID-19, in addition to lymphocyte infiltration and 

isolation [60]. The ACE2 receptor is expressed by lymphocytes and could be directly targeted by SARS-CoV-2 

during infection [64]. In addition, an increase in the production of pro-inflammatory cytokines, especially IL-6, 

in COVID-19 patients may lead to further decrease in lymphocytes [39]. 

The opposite direction of the Netrin-1 shift in men and women is the finding that most needs caution. Circulat-

ing Netrin-1 does not move uniformly across inflammatory states: it rises with metabolic inflammation and 

insulin resistance [65], climbs with the intermittent hypoxia of obstructive sleep apnoea in step with HIF-1α 

[66], and is elevated in metabolic syndrome alongside CRP and HbA1c [67], yet falls in newly diagnosed type 

2 diabetes [19]. Hypoxia-driven induction and metabolic-inflammatory induction may therefore pull the same 

molecule in different directions, and which one dominates could differ with sex hormone status, body composi-

tion and the stage of infection at sampling. The present design cannot separate these mechanisms; it can only 

record that the interaction term is real in this cohort. 

Study limitations 

Several constraints bound what these data support. The design is cross-sectional, so every relationship reported 

here is an association measured at one point in time no temporal sequence, no causal claim and no prognosis 

can be read from it, which is why the term predictive has been replaced throughout by diagnostic or discrimina-

tive. The sample is small and drawn from one city, 20 patients and 15 controls of each sex, which leaves the 

study powered only for large effects (g ≥ 0.99) and makes the non-significant female HbA1c result uninforma-

tive rather than negative. Disease severity, body mass index, duration of symptoms before sampling and 

cortcosteroid or anticoagulant exposure were not recorded, and each of them acts on CRP, glucose and the 

blood count independently of infection; residual confounding is therefore likely. The immunological panel was 
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limited to CRP and the differential count, so IL-6, TNF-α, ferritin, D-dimer, procalcitonin and lymphocyte sub-

sets the assays that would locate Netrin-1 within the cytokine response remain unmeasured. Finally, the ROC 

cut-offs were derived and tested in the same 70 subjects without a validation set, so the reported sensitivity and 

specificity are optimistic and need replication in a larger, multicentre and prospectively followed cohort before 

any clinical use. 

CONCLUSION 

In conclusion, COVID-19 infection was associated with substantial biochemical and hematological abnormalities 

along with marked immunological dysregulation. Netrin-1 levels were considerably decreased in male COVID-19 

patients and dramatically increased in females compared to healthy controls, suggesting a sex-dependent inflamma-

tory response [65–67]. Both males and females showed significant increases in CRP and random blood sugar levels 

indicating increased systemic inflammation and altered glucose metabolism. HbA1c values were substantially high-

er in the male patients. Females showed a non-significant increasing trend 

In the hematological findings of COVID-19 individuals of both sex, substantial leukocytosis, lymphopenia 

and thrombocytopenia were seen. Female patients likewise showed significantly lower hemoglobin levels 

whereas significantly increased RBC count and PCV values were observed in male patients. Correlation analy-

sis revealed substantial inverse correlations between Netrin-1 and inflammatory markers, particularly CRP and 

HbA1c, which corroborates the link of altered Netrin-1 expression with inflammatory dysregulation in 

COVID-19. 

ROC analysis showed that CRP, lymphocyte percentage, Netrin-1 and platelet count discriminate COVID-19 pa-

tients from healthy controls within this sample [27,35,68]. Netrin-1 is therefore best described as a candidate diag-

nostic biomarker of the inflammatory and haematological alteration that accompanies COVID-19 [19,20,65]; estab-

lishing prognostic value requires prospective cohorts with recorded clinical outcomes and an independent validation 

set [66,67]. 
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