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Background: COVID-19 is a respiratory viral disease caused by the severe acute 

respiratory syndrome-Coronavirus type 2 (SARS-CoV-2). The World Health 

Organization (WHO) declared the SARS-CoV-2 infection as well as global health 

emergency. COVID-19 vaccines provide strong protection against serious illness, 

hospitalization, and death. Objectives: This study aimed to assess the correlation 

between the vaccine [type, doses] and the viral load, oxygen saturation, inflammatory 

markers, disease severity, and morbidity among Egyptian inpatients at Assiut chest 

hospital as well as assess the immune status relative to different types of cytokines, and 

level of anti-viral spike IgG. Methodology: The study involved eighty-nine subjects, 

including seventy-seven COVID-19 inpatients and twelve healthy controls. IL-18 and 

MCP-1, were evaluated using the Luminex® 100/200TM System, IgG antibodies against 

the SARS-CoV-2 spike protein’s receptor binding domain (RBD) in human serum were 

detected using the ELISA technique. Results: increase in IgG concentration levels, 

oxygen saturation, clinical features (fever), and hospitalization time in vaccinated 

patients versus unvaccinated patients. The viral load and the levels of D-dimer, MCP-1, 

and IL-18 are related to vaccination status. Conclusion: According to the study, people 

who were not vaccinated got severe and life-threatening COVID-19 infections. The 

immunized population had a lower percentage of severe COVID-19 infections and 

overall mortality than the unvaccinated group. Two doses of vaccination were linked to a 

decreased mortality rate in hospitalized patients with moderate-to-severe COVID-19 

infection. 

 
INTRODUCTION 

 

Severe acute respiratory syndrome-Coronavirus type 

2 (SARS-CoV-2) causes COVID-19 is a virus-related 

respiratory illness that was initially discovered in 

Wuhan, China. On January 30, 2020, the World Health 

Organization (WHO) classified the SARS-CoV-2 illness 

as a worldwide health emergency
1
.  

There are several COVID-19 vaccines validated for 

use by WHO. The first vaccination program started 

early December 2020
2
.  

The cytokine storm is caused by the unchecked and 

increased release of pro-inflammatory cytokines, which 

is a hallmark of COVID-19 syndrome. 

It has been noted that the over-induction of 

proinflammatory cytokines contributes significantly to 

the development of the illness and eventually the death 

of SARS patients
3
. 

Pro-inflammatory cytokine interleukin IL-18 is a 

member of the IL-1 family, IL-18 plays a role in 

hemophagocytic lymphohistiocytosis, a life-threatening 

condition characterized by a cytokine storm that can be 

secondary to infections. A cytokine storm, which 

includes members of the interleukin IL-1 family, 

appears to be responsible for the damage in the final 

stages of the disease. Since IL-18 has been shown to be 

able to damage the lung tissue of infected animals, it is 

possible that it is involved in this hyperinflammation 
4
. 

MCP-1 (monocyte chemoattractant protein-1), also 

known as chemokine (CC-motif) ligand 2 (CCL2). 

MCP-1 has been directly or indirectly linked to the 

etiology of many diseases, including cancer, 

neuroinflammatory diseases, cardiovascular diseases, 

and the new corona virus. It has been discovered that a 

biomarker associated with the severity of the illness in 

COVID-19 patients is a greater MCP-1 level
5
. 

The viral spike protein is the familiar spike that 

studs the surface of the coronavirus, giving it the 

appearance of a crown to electron microscopy
6
. The 

coronavirus spike protein is a multifunctional molecular 

machine that mediates coronavirus entry into host cells. 

Similar projecting proteins found in viruses are major 
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targets for the development of vaccines and therapeutic 

medications that aim to prevent the virus from infecting 

host cells
7
. 

 

METHODOLOGY 
 

Study Population and ethical aspects:  
This study is a case-control study that was 

conducted at Assiut Chest Hospital. The study was 

conducted from March 2022 to November 2022 and was 

approved by the institutional review board (IRB 

approval number 17101909). All participants received a 

clear, written consent form indicating the purpose of the 

study and their freedom to participate or withdraw at 

any time. A total of 89 subjects were enrolled in the 

study, including 77 COVID-19 inpatients and 12 

healthy controls. 

Blood samples and patients’ clinical data were 

collected after ministry of health approval at (1-3-

2022). 
Laboratory investigations: complete blood picture, 

measurement of ferritin, and D-dimer were measured 

using (Robonic Eco Plus).  

Evaluation of IL-18 and MCP-1 using Luminex® 

100/200™ System using commercially available kits 

cat. No. (LXSAHM) purchased from (R&D Systems, 

Inc.) according to the manufacturer’s instructions. 

Magnetic microparticles with color coding are pre-

coated with antibodies specific to the analyte. Samples, 

standards, and microparticles were pipetted into wells, 

and the target analytes were bound by the immobilized 

antibodies. Each well receives a biotinylated antibody 

cocktail that is tailored to the target analytes after any 

unbound materials have been cleaned away. 

Streptavidin-phycoerythrin conjugate (Streptavidin-PE), 

which binds to the biotinylated antibody, was added to 

each well after a wash to eliminate any unbound 

biotinylated antibody. Unbound Streptavidin-PE was 

eliminated in a final wash, after which the 

microparticles were resuspended in buffer and scanned 

using the Luminex®100/200TM System. The 

superparamagnetic microparticles were drawn to and 

retained in a monolayer by a magnet within the 

analyzer. The beads were lit by two Light-emitting 

Diodes (LEDs) with different spectra. The amount of 

analyte bound is directly proportional to the magnitude 

of the PE-derived signal, which was determined by the 

second LED when one recognizes the analyte being 

detected. Each well was imaged with a CCD camera. 

Detection of IgG antibodies against the SARS-CoV-2 

spike protein’s receptor binding domain (RBD) in 

human serum using an enzyme-linked 

immunosorbent assay (ELISA) technique for 

patients and controls using commercially available 

kits cat. No. (30181829) purchased from (TECAN 

IBL international GmbH) according to the 

manufacturer’s instructions: 

Solid-phase enzyme-linked immunosorbent assay 

(ELISA) based on the sandwich principle. The wells 

were coated with antigen. When certain antibodies from 

the sample bind to the antigen-coated wells, a secondary 

enzyme-conjugated antibody that is particular to human 

IgG was detected. The level of color created following 

the substrate reaction was directly correlated with the 

quantity of IgG-specific antibodies found. Sample 

results were obtained straight up from the standard 

curve. 

Statistical analysis: 

Version 26.0 of the Statistical Package for the Social 

Sciences (SPSS Inc., 233 South Wacker Drive, 11th 

Floor, Chicago, IL, USA) was used to analyze the data. 

Frequency and percentage were used to represent 

distributed categorical data, whereas mean, standard 

deviation (mean ± SD), and range were used to express 

distributed numerical data. The Kruskal-Walli’s analysis 

of variance test, the Mann-Whitney U test, the 

Wilcoxon matched pairs test, the Chi-Square test, the 

Fisher-Exact or Monte Carlo test, the ANOVA with 

repeated measures test, and the Fisher-Exact test were 

used to analyze nonparametric data. These tests were 

used to determine whether or not two sample means 

were equal, to examine the relationship between two 

qualitative variables, and to determine the statistical 

significance of the difference between more than two 

parameters. When the p-value was less than 0.05, the 

data was considered significant; otherwise, they were 

not. 

 

RESULTS 
 

The current study included 77 Covid-19 patients and 

12 healthy controls aged between 18 and 50 years old. 

51.9% of the studied patients were males and 48.05% 

were females. According to the control group, 58.3% 

were males and 41.66% were females. 

It was found that (54.5%) of COVID-19 patients had 

moderate disease severity, while (45.45%) had severe 

symptoms. More than half of the studied patients 

(55.8%) were not vaccinated, while 34 patients 

(44.15%) were vaccinated.  Among the vaccinated 

patients, 12 patients (15.58%) were vaccinated with 

(BNT162b2) The Pfizer BioNTech COVID-19 vaccine, 

7 patients (7.9%) with BIBP-CorV Sinopharm BIBP 

COVID-19 vaccine, 7 patients (7.9%) with chadox1 

AstraZeneca vaccine, 7 patients (9.09%) with PiCoVacc 

Sinovac covid-19 vaccine and only 1 patient (1.29%) 

was vaccinated with Moderna Spikevax® Bivalent 

COVID-19 vaccine. 22 patients (28.57%) took the 

vaccination in two doses, and 12 patients (15.58%) 

consumed one dosage. There was a statistically 

significant difference among the studied patients 

according to the disease progression (p<0.001), type of 

vaccine (p<0.001) and the number of doses (p<0.001). 

The result is shown in table (1) 
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Table 1: Clinical characteristics of the studied patients: 

Variable Parameter 
COVID-19 patients 

(n=77) 

Controls 

(n=12) 
p-value 

Disease progression Control 0 (0%) 12 (100%) <0.001 

Moderate 42 (54.5%) 0 (0%) 

Severe 35 (45.45%) 0 (0%) 

Vaccination Vaccinated 34 (44.15%) 6 (50%) 0.126 

Not-vaccinated 43 (55.8%) 6 (50%) 

Type of vaccine Moderna 1 (1.29%) 0 (0%) <0.001 

Sinovac 7 (9.09%) 1 (8.3%) 

Astrazeneca 7 (9.09%) 2 (16.7%) 

Sinopharm 7 (9.09%) 3 (25%) 

Pfizer 12 (15.58%) 0 (0%) 

Number of doses Single dose 12 (15.58%) 5 (41.7%) <0.001 

Two doses 22 (28.57%) 7 (58.3%) 

Data expressed as number (N) (frequency %). p-value: the difference between the study parameters, p non-significant 

if >0.05, *P significant if <0.05, ** p highly significant if <0.001. 

 

 

 

As shown in table (2): O2 saturation recorded 95.29 

± 2.51 % among the vaccinated inpatients which was 

higher than the non-vaccinated inpatients (89.03 ± 

4.06%). There was a highly statistically significant 

difference between vaccinated and non-vaccinated 

inpatients according to O2 saturation (p<0.001). 

D-dimer was higher in non-vaccinated inpatients 

(3.69 ± 1.29 ug/ml) than vaccinated inpatients (2.13 ± 

1.03 ug/ml) with a statistically significant difference 

(p=0.02). 

Ferritin level was higher in non-vaccinated 

inpatients (232.12 ± 172.3 ng/mL) than vaccinated 

inpatients (49.91 ± 37.84 ng/mL) with a statistically 

significant difference (p<0.001). 

The mean IgG antibody concentration was higher in 

vaccinated inpatients (67.67 ± 31.27 U / ml) than non-

vaccinated inpatients (60.11 ± 36.49 U / ml) with 

statistically significant difference (p=0.012). 

IL18 level (713.56 ± 350.83 pg/ ml) among non-

vaccinated inpatients which was higher than IL18 mean 

level of vaccinated inpatients (284.84 ± 201.98 pg/ ml) 

which was statistically significant difference (p=0.008). 

MCP-1 level 275.69 ± 160.15 pg/ ml in non-

vaccinated inpatients which was higher than the mean 

score of the vaccinated inpatients (193.55 ± 141.29 pg/ 

ml) without statistically significant difference 

(p=0.229). 

According to the complete blood picture screening, 

lymphocyte count recorded 21.76 ± 8.2 *10
3
/ul among 

vaccinated inpatients which was higher than non-

vaccinated inpatients (16.06±9.94*10
3
/ul) with a 

statistically significant difference (p=0.009). 

RBC was higher in vaccinated inpatients 4.65 ± 0.69 

*10
6
/ul than non-vaccinated inpatients 3.63 ± 

0.97*10
6
/ul with a statistically significant difference 

(p<0.001). 

WBC recorded 9.34±6.61 *10
3
/ul among non-

vaccinated inpatients, which was higher than the mean 

score of vaccinated inpatients 8.46±4.24*10
3
/ul with no 

statistically significant difference (p=0.510). 

PLT was found higher among vaccinated inpatients 

(298.1 ± 70.64*10
3
/ul) than non-vaccinated inpatients 

(239.06 ± 112.99 *10
3
/ul) with a statistically significant 

difference (p=0.011). 

HGB was higher among vaccinated inpatients 12.76 

± 2.1 g/dL than in non-vaccinated inpatients 11.40 ± 

1.75 g/dL with a statistically significant difference 

(p=0.002).
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Table 2: Laboratory investigations among the studied patients: 

Variable Parameter 

Non-

vaccinated 

(n=43) 

Vaccinated 

(n=34) 

Control 

vaccinated 

(n=6) 

Control non-

vaccinated 

(n=6) 

Normal range p-value 

o2 saturation 

(%) 

Mean ± SD 89.03 ± 4.06 95.29 ± 2.51 98.6 ± 1.53 99.6 ± 0.57 between 95 and 

100 

<0.001 

IQR (Min-Max) 75-98 89-99 97-100 99-100 

D-dimer (ug/ml) Mean ± SD 3.69 ± 1.29 2.13 ± 1.03 1.15 ± 0.36 0.7 ± 0.4 0-0.50 0.02 

IQR (Min-Max) 0.4-11.5 0.3-7.9 0.8-1.52 0.3-1.2 

Ferritin (ng/mL) Mean ± SD 232.12 ± 172.3 49.91 ± 37.84 32.96 ± 1.66 26.16 ± 8.5 Female:15-150; 

Male:30-400 

<0.001 

IQR (Min-Max) 16.9-463.9 18.5-269.9 31.2-34.5 16.3-31.8 

IgG conc (U / 

ml) 

Mean ± SD 60.11 ± 36.49 67.67 ± 31.27 103.31±12.07 39.78 ± 16.82 6.0 – 16.0 0.012 

IQR (Min-Max) 10.9– 117.4 7.8 – 120.9 89.88-113.26 25.1-58.1 

IL18 (pg/ ml) Mean ± SD 713.56±350.83 284.84±201.98 669.35± 22.09 148.13±121.19  0.008 

IQR (Min-Max) 52.7 – 3227.2 67.1 – 715 654.15-694.707 64.713-287.157 

MCP-1 (pg/ ml) Mean ± SD 275.69±160.15 193.55±141.29 325.09±5.507 174.35± 134.88  0.229 

IQR (Min-Max) 45.5 – 1623.5 36.3 – 560.4 320.95-331.34 53.64-319.94 

 Complete blood picture 

Lymphocyte 

(*103/ul) 

Mean ± SD 16.06 ± 9.94 21.76±8.2 34.8 ± 2.86 29.13 ± 2.5 1-4 0.009 

IQR (Min-Max) 0.8-36.4 8.1 – 36.3 31.8-37.5 27.4-32 

RBC (*106/ul) Mean ± SD 3.63 ± 0.97 4.65±0.69 5.27 ± 0.075 5.17 ± 0.57 (3.8-5.8) <0.001 

IQR (Min-Max) 2 – 5.7 3.2-5.8 5.2-5.35 4.79-5.84 

WBC (*103/ul) Mean ± SD 9.34 ± 6.61 8.46 ± 4.24 10.33 ± 0.802 11.6 ± 3.63 Female (4.5-6.5) 

Male (3.8-5.8) 

0.510 

IQR (Min-Max) 1.3-45.7 1.6-21.4 9.5-11.1 9.5-15.8 

PLT (*103/ul) Mean ± SD 239.06±112.99 298.1±70.64 348 ± 18.19 355.66±50.003 (150-400) 0.011 

IQR (Min-Max) 103-580 71-378 327-359 298-387 

HGB (g/dL) Mean ± SD 11.40 ± 1.75 12.76±2.1 16.833 ± 0.89 17.2 ± 2.25 Female (14-18) 

Male (11-16) 

0.002 

IQR (Min-Max) 8.3-15.3 9.5-17.7 15.8-17.4 14.6-18.6 

 

 

It was discovered that 62.79% of non-vaccinated 

patients had severe disease progression, while only 

23.53% of the vaccinated patients had severe symptoms. 

37.2% and 76.47% of the non-vaccinated and 

vaccinated patients had moderate disease progression 

respectively. There was a statistically significant 

difference between vaccinated and non-vaccinated 

patients according to disease progression (p<0.001) 

(fig.1).

 

 

 
Fig. 1: Disease progression among vaccinated and non-vaccinated patients including, controls. 

 

 

Among the studied non-vaccinated inpatients, 

23.25% died and 76.7% survived. All vaccinated 

inpatients survived. There was a statistically significant 

difference among the studied vaccinated and non-

vaccinated inpatients according to morbidity (p=0.002) 

(fig.2). 
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Fig. 2: Mortality rate among the vaccinated and non-vaccinated inpatients. 

 

 

It has been demonstrated that there was a negative 

correlation between IgG and MCP-1 levels among 

COVID-19 inpatients (r = -0.318) with a statistically 

significant difference (p = 0.003). Another positive 

correlation discovered between MCP-1 and IL18 levels 

among the studied COVID-19 inpatients (r = 0.554), 

with a statistically significant difference (p<0.001). 

There was a positive correlation between 

lymphocyte and IgG levels among the studied COVID-

19 inpatients (r = 0.323) with a statistically significant 

difference (p = 0.003). Another negative correlation 

discovered between lymphocyte and IL18 levels among 

COVID-19 inpatients (r = -0.397) with a statistically 

significant difference (p<0.001). Moreover, there was a 

negative association between lymphocyte and MCP-1 

levels in COVID-19 inpatients (r = -0.239) with a 

statistically significant difference (p = 0.029) (table3). 

 

 

Table 3: Hospitalization time in relation to the level of anti- viral spike IgG and cytokines, viral load and 

cytokines among the studied inpatients 

Variable IL18 MCP-1 Lymphocyte Hospitalization 

time (days) 

IgG conc r-value -.482 -.318 .323 .084 

p-value .000
**

 .003
**

 .003
**

 .451 

IL18 r-value 1 .554 -.397 .023 

p-value  .000
**

 .000
**

 .836 

MCP-1 r-value  1 -.239 .066 

p-value   .029
*
 .554 

Lymphocyte  r-value   1 .137 

p-value    .217 
**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 

 

DISCUSSION 
 

The present investigations reported a significant 

correlation between disease severity and oxygen 

saturation level, indicating that as disease severity 

increased, oxygen saturation level decreased
8
. 

There was a statistically significant difference 

between vaccinated and non-vaccinated inpatients 

according to O2 saturation, which means that 

vaccination decreases the need for oxygen ventilation. 

This study provided evidence of a substantial 

increase in protection against symptomatic COVID-19 

disease after a booster dose of the BNT162b2 or 

mRNA-1273 vaccine. With a BNT162b2 booster, very 

high levels of defense against hospitalization or 

mortality were seen. Regardless of the vaccination used 
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in the initial course, the effectiveness of the second dose 

was extremely similar 
9
. 

Patients with COVID-19 may develop more serious 

conditions after being admitted to the hospital, such as 

respiratory failure and even death. Because of their 

previous immunization, individuals who have received 

the SARS-CoV-2 vaccine are likely to develop memory 

antibodies and cellular responses as a reaction to the 

illness. These immune responses may slow the 

progression of the disease and even avoid a possible 

fatal organ failure.
10, 11

 

our laboratory findings demonstrated that The 

increase in ferritin level is associated with the 

worsening of COVID-19
12

. The cytokine storm and the 

exaggerated host immune response (i.e., ferritin) 

participate in the development of ARDS, which is the 

most important reason for mortality if progresses to 

respiratory failure
13

.  

 Non-survivors had higher D-dimer levels than 

survivors do
14

, indicating that elevated D-dimer levels 

represent an independent risk factor for death in 

COVID-19 patients
15

. Therefore, patients were 

categorized based on their D-dimer level, and the 

findings indicated that irrespective of the clinical 

characteristic, the group with greater D-dimer level had 

a higher MCP-1 level than the group with lower D-

dimer level. 

Unlike the unvaccinated patients, All serum samples 

from vaccinated people (34) were positive when tested 

with RBD IgG ELISA, which is matching with the 

general belief that antibodies appear at least 15 days 

after vaccination
16

. 

In SARS caused by SARS-CoV-2, IL-18 levels were 

considerably elevated compared with those in healthy 

subjects
17

. In addition, IL-18 concentrations were 

significantly higher in non-survivors compared with 

survivors. High IL-18 levels were associated with a risk 

of heart damage and death
18

.  

MCP-1 is involved in the pathophysiology of 

illnesses where there is an invasion of monocytes. 

According to our research, critically sick patients had 

greater serum levels of MCP-1 than severe patients did 

compared to patients with severe disease, those with 

critical disease had distinctly higher white blood cell 

counts, procalcitonin levels, and D-dimer levels, and 

lower hemoglobin levels and lymphocyte counts
19

. 

One biomarker linked to the severity of COVID-19 

illness is MCP-1. Additionally, the group with higher D-

dimer levels had higher MCP-1 levels than the group 

with lower levels, suggesting that in COVID-19 

patients, MCP-1 may be linked to an increased risk of 

death. 

lymphocytopenia (64.5%) and leukocytopenia 

(29.4%) were more common. They were all consistent 

with a respiratory virus infection overall. In order to 

diagnose newly discovered coronavirus infections, the 

lymphocytopenia may be utilized as a reference index.  

Studies have shown that the levels of inflammatory 

cytokines may be related to the severity of the disease,
20, 

21
 which is expected to be an indicator of the severity of 

the disease.  

Individuals admitted to the ICU with COVID-19 

were more likely to have lymphocytopenia at the time 

of hospital admission compared to patients who did not 

get admitted to the ICU
22

.  

Patients with worse outcomes or more severe 

illnesses had lower platelet counts, while non-survivors 

had even lower platelet counts
23

. 

Severe COVID-19 individuals had higher ferritin 

and lower hemoglobin and RBC levels than moderate 

cases
24

. 

All the vaccinated inpatients survived. There was a 

statistically significant difference among the studied 

vaccinated and non-vaccinated inpatients according to 

morbidity, and disease progression.   

It has been shown that A negative correlation was 

seen between the levels of MCP-1 and IgG
25

; another 

positive correlation was found between MCP-1 and 

IL18 levels
26

; there was a positive correlation between 

lymphocytes and IgG levels
27

; and another negative 

correlation was found between lymphocytes and IL18 

and MCP-1 levels in COVID-19 inpatients
28

. 

 

CONCLUSION 
 

The current study suggests an increase in IgG 

concentration levels, increase in oxygen saturation, 

decreases in clinical features (fever) and an average 

duration of hospital stay in vaccinated patients versus 

unvaccinated patients. The viral load of SARS-CoV-2 is 

associated with the vaccination status as well as 

inflammatory markers such as D-dimer and IL-18. 

However, based on these early findings, we may 

conclude that individuals who choose not to receive the 

vaccination experience severe and life-threatening 

COVID-19 infection. The percentage of those with 

severe COVID-19 infection, the need for ventilatory 

support, and overall mortality has decreased when 

compared to the unvaccinated population. Two vaccine 

doses were associated with a decreased mortality rate in 

hospitalized patients those with moderate-to-severe 

COVID. 
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