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Introduction 

Severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) is the causative agent 

of Coronavirus disease 2019 (COVID-19). The 

World Health Organization (WHO) has designated 

the disastrous spread of COVID-19 that has already 

claimed millions of lives worldwide as a public 

health emergency of international concern. 

Globally, as of March 7, 2023, there have been 

759,408,703 confirmed cases of COVID-19, 

including 6,866,434 deaths and in Egypt 515,759 

confirmed cases of COVID-19 with 24,812 deaths 

as reported to the WHO. As of March 4, 2023, a total 

of 13,229,673,098 vaccine doses have been 

administered [1]. 

Spike (S) protein is the most important 

antigen of coronavirus particle that is targeted by the 

host neutralizing antibodies; therefore, it is the 

major determinant of virulence of coronaviruses as 

it mediates virus's attachment to the specific host 

receptor [2, 3]. This protein is cleaved into separate 

polypeptides by the host cell proteases such as furin-

like protease [4]. These polypeptides are S1 and S2 

where S1 serves as a large receptor binding domain 

(RBD) while S2 forms the stalk of the spike 
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Background: Since the onset of SARS-CoV-2 pandemic, it has become a hot spot for 

research. Aim: This study aimed to detect variations in the spike protein of SARS-CoV-

2 isolated from Egyptian patients and correlate them with laboratory data. Methods: 

Fifty patients with positive nasopharyngeal swabs by PCR were enrolled in this cross-

sectional study. Partial spike protein was successfully amplified and sequenced for 23 

isolates. This study determined the clade, variant and lineage. Phylogenetic analysis 

was performed to detect heterogeneity among our isolates. Results: The partial spike 

protein belonged to 3 clades and 3 Pango lineages. The most common lineage was 

C.36.3 (56.5%), followed by B.1.1.7 (39%) then B.1.1 (4.5%). D614G mutation was 

present in 100% of isolates, while the second most frequent mutation was Q677H 

(60.9%) followed by L452R (52.2%).  B.1.1.7 lineage was associated with higher WBC 

and lymphocytes compared to other lineages (p= 0.02, p=0.012, respectively). 

Conclusion: Level of WBC may significantly differ according to the infecting lineage. 

This finding may impact progression of SARS-CoV-2 infection. 
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molecule which mediates fusion of viral envelope 

with the host cell membrane [5-7], thereby allowing 

the entry of the viral genome into the cell cytoplasm 

of the host [8]. The glycan molecules that coat the S 

protein may help the virus to escape the host 

immune system [7]. The S protein is a valuable 

target for development of vaccine against SARS-

CoV-2 and antiviral therapy efforts. It may also be 

used for diagnostic purposes [9,10].  

The rate of mutations in SARS-CoV-2 

genome leads to genomic variability that enable 

virus to evade immune defenses or to become 

resistant to antiviral therapy [11]. In S protein of 

SARS-CoV-2, there are various mutations that, can 

cause alteration in transmissibility, antigenicity of 

the virus and promoting its evasion of immune 

system [12]. Examples for mutations in S protein of 

SARS-CoV-2, is D614G that may facilitate the 

spread of virus rapidly [13,14]. In addition to pattern 

of spread, it also increases transmission and 

infectivity of virus by giving the virus some fitness 

advantage [15]. Other mutations such as Q677H, 

L452R, N501Y, A570D and P681H are also 

recognized to play a role to increase pathogenesis of 

SARS-CoV-2 [16].  

This is a preliminary study due to the small 

sample size of the included isolates. The aim of this 

study was to investigate variations in the spike 

protein including genotypes and/or mutations in 

SARS-CoV-2 isolated from Egyptian patients by 

comparing them with the first reported isolate from 

Wuhan, China and to correlate these variations with 

the patients’ laboratory data. Here, we hypothesized 

that maybe some of patients’ laboratory data may 

differ based on different lineage of SARS-CoV-2. 

Patients and Methods 

Study settings 

A total of 50 patients who tested positive 

for COVID-19 infection by real-time PCR were 

included in this cross-sectional study. Their 

demographic, clinical symptoms and laboratory data 

were collected for correlation analysis. Written 

informed consent was signed by each patient before 

enrollment in the study with ethical approval 

number IORG0008812.  

Twenty-three isolates were successfully 

amplified and sequenced then subjected to 

genotyping, phylogenetic analysis and mutation 

detection. This is a preliminary work due to the 

small sample size of the study. Age and gender are 

included in the study as potential confounder 

variables. 

The 23 nucleotide sequences were 

deposited in GenBank NCBI with the following 

accession numbers: QQ346382:QQ346403 and 

QQ347969. Also, they are present in Global 

Initiative on Sharing All Influenza Data (GISAID) 

with the following accession numbers: 

EPI_ISL_16713842: EPI_ISL_16713862 and 

EPI_ISL_16743975: EPI_ISL_16743976. 

Sampling 

Nasopharyngeal (NP) swabs and single 5 

ml blood samples were collected from 50 Egyptian 

patients attending the Clinical Pathology 

Department, Faculty of Medicine, Alexandria, 

Egypt during a 3-month period between March to 

May 2021. 

Laboratory investigations 

Blood samples were used for performing 

complete blood count (CBC) for all 50 patients, then 

centrifuged at 1500 rpm and sera were separated. D-

dimer, serum ferritin, lactate dehydrogenase (LDH), 

procalcitonin (PCT), C-reactive protein (CRP) and 

interleukin-6 (IL-6) levels were also determined.  

This work was conducted in the 

Microbiology Department, Alexandria, Egypt, 

according to the ethical considerations of the 

Medical Research Institute, University of 

Alexandria and conforms to the ethical guidelines of 

the Declaration of Helsinki, 1975. 

RNA extraction and real-time PCR 

We used the NP swabs for RNA extraction 

of SARS-CoV-2 using Qiagen QIAamp viral RNA 

mini spin Kit (Qiagen®, Germany) according to 

manufacturer’s instructions. The extracted viral 

RNA was amplified using Real-time PCR 

(QuantStudio 5 Real-Time PCR System, Applied 

Biosystems) for detection of SARS-CoV-2.  

cDNA synthesis  

We used a total of 1 μg of extracted RNA 

for reverse transcription using High-Capacity cDNA 

reverse transcription kit (Applied Biosystems, USA) 

with random hexamer primers provided with the kit. 

The RNA concentration and purity was estimated by 

Nanodrop 2000 (Thermo Scientific, USA).  

Spike protein amplification using PCR 

PCR reaction components 

PCR reactions for amplification of partial 

spike protein of SARS-CoV-2 were performed in 30 

µl total volume containing 15 µl (2X) Hot start PCR 
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master mix (BioLine Scientific, London, UK), 10 

pmol of each forward primer “5´-

GATGATTTTACAGGCTGCGTTATAGC-3´” 

and reverse primer “5´-

CAAAAGATTGCTGCATTCAGTTGAATC-3´” 

specifically designed in this study and 1 µl of cDNA. 

The reaction was performed using Veriti thermal 

cycler (Applied Biosystems, USA). 

PCR thermal profile 

The PCR thermal profile consisted of an 

initial Taq polymerase activation step at 95°C for 1 

min followed by 40 cycles of denaturation step at 

95°C for 15 seconds, then annealing step at 50°C for 

20 sec, and an extension step at 72°C for 45 sec, each 

with a final extension cycle at 72°C for 10 minutes. 

The PCR products (950 bp) were visualized through 

a 1.5% agarose gel stained with ethidium bromide 

(0.4 µg/ml).  

DNA Sequencing 

The PCR products were sequenced using 

the BigDye Terminator V 3.1 Cycle Sequencing Kit 

(Applied Biosystems) on the automated sequencer 

ABI prism 310 genetic analyzers (Applied 

Biosystems). Two-directional Sanger sequencing 

was performed for 23 successfully amplified PCR 

products. 

Phylogenetic analysis 

A phylogenetic analysis was conducted to 

detect variability and/or similarity among our 

sequences compared to Wuhan reference strain 

(Accession no. NC-045512) (GenBank: 

MN908947.3). Initially, the sequences were cleaned 

and trimmed through BioEdit software (v.7.2.5) and 

then aligned by ClustalW multiple alignment. After 

cleaning and trimming, the final genomic length of 

sequences ranged from 785 to 920 bp.  

Tree construction 

A phylogenetic tree of 23 sequences of 

partial spike (S) protein was created using MEGA X 

software [17]. The tree was generated by Maximum 

Likelihood (ML) method [18] with 1000 bootstrap 

replicates [19]. The evolutionary distances were 

computed using the Tamura-Nei model [20].  

Sequence genotyping  

The sequences were genotyped by 

Audacityinstant (v.5.0.1) (https://www.epicov.org/) 

to determine most related genome and Nextclade 

(https://clades.nextstrain.org/) online tools while 

mutation detection was performed through 

CoVsurver mutation online tool endorsed by 

GISAID. 

Statistical analysis 

Data were analyzed using R platform in 

RStudio (v.2.3.4). The main used packages are 

gt_summary, finalfit, corrplot, qgraph and ggplot2. 

Categorical data are presented in count and percent 

while continuous data are summarized in mean and 

standard deviation (SD) for normal distributed data 

and in median and interquartile range (IQR) for not 

normal distributed data. Normality of data was 

tested statistically by Shapiro-Wilk’s test. Spearman 

correlation coefficient was used to assess the 

relation between age, clinical symptoms, O2 

saturation and laboratory data and correlation 

between detected mutations. For categorical data, 

chi-square or Fisher Exact tests were as appropriate. 

For continuous data, Wilcoxon rank sum test to 

compare 2 groups or Kruskal-Wallis to compare 3 

or more groups were used for non-parametric data 

while T-test to compare 2 groups or ANOVA to 

compare 3 groups were used for parametric data. P 

values at alpha level <0.05 was considered 

statistically significant. Spearman’s correlation was 

used to test correlation between different 

parameters.  

Results 

Among the 50 COVID-19 patients, 18 

(36%) were males with a median age of 47.0 (31.2-

59.0) years and 32 (64%) were females with a 

median age of 29.0 (22.0-50.0), while the median 

(IQR) of age for all patients was 34.0 (22.0-54.8). 

There was a statistically significant difference in age 

median between males and females (p= 0.036). 

Regarding clinical symptoms, the most common 

(94%) presenting symptom was fever followed by 

cough (76%). Concerning laboratory data and 

oxygen (O2) saturation, there was no statistically 

significant difference between males and females 

except for hemoglobin level (p= 0.003) (Table 1). 

Correlation analysis between patients’ 

parameters 

Correlation analysis by Spearman’s 

method (Figure 1) showed that several parameters 

are significantly correlated among the patients. Age 

and O2 saturation are significantly negative 

correlated (rho= -0.57, p= 0.0022). O2 saturation and 

lymphocytes are positively correlated (rho= 0.56, p= 

0.0034). D-dimer is statistically positive correlated 

with several parameters including ferritin (rho= 

0.66, p= 0.000029), IL-6 (rho= 0.81, p <0.000001), 

LDH (rho= 0.66, p= 0.00003), and CRP (rho= 0.64, 

p= 0.000007). In addition to that, ferritin is 

statistically positive correlated with IL-6 (rho= 0.57, 
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p= 0.002), CRP (rho= 0.58, p= 0.0014, and LDH 

(rho= 0.6, p= 0.00052). Moreover, IL-6 is positively 

correlated with LDH (rho= 0.7, p= 0.000002) and 

CRP (rho= 0.61, p= 0.0003). 

Sequence genotyping 

The partial spike sequences were uploaded 

to Audacityinstant (v.5.0.1) endorsed by GISAID 

(https://www.epicov.org/) to determine their clade, 

variant and lineage based on the closest related 

genome. The tool could not assign the nearest 

lineage for only two sequences while the remaining 

21 spike sequences were divided under 4 known 

Pango lineages (C.36.3, C.36, B.1.1.7, and B1). On 

the other hand, Nextclade (v.2.12.0) online platform 

(https://clades.nextstrain.org/) was able to 

determine lineages for all 23 sequences. There were 

some discrepancies in lineage assignment between 

Audacity and Nextclade tools (Table S1). 

According to Nextclade, the most frequent lineages 

were C.36.3 (13/23, 56.5%) followed by B.1.1.7 

(9/23, 39%). 

According to GISAID, most sequences 

(17/23, 74%) were described as old variant meaning 

that this variant last occurred 100 days ago or more. 

Only four sequences were labelled recent which 

means that this variant was detected during the past 

100 days but no signs of spreading in the past 30 

days. The remaining 2 sequences were referred to as 

rare meaning that variant occurred once or none 

(Table S3). 

Mutation detection by CoVsurver 

A total of 17 amino acid changes 

(mutations) with a total frequency of 102 were 

detected among our 23 partial spike sequences 

(V445G, L452R, N501Y, R567K, A570D, D614G, 

E619K, D627N, Y660H, Q677H (674), P681H 

(674), T716I, T719S, I720N, S721T, T747P, and 

S750K) according to the CoVsurver online tool 

(https://corona.bii.a-star.edu.sg/) enabled by 

GISAID. Among sequenced isolates, the mutation 

counts per isolate ranges from 2 to 8 

mutations/isolate (Table S2). The most frequent 

mutations are D614G (23/23, 100%), followed by 

Q677H (14/23, 61%), and L452R (10/23, 43.5%).  

Among the isolates, a smaller number of 

mutations (≤ 2 per sequence) was observed only in 

the amplified region in case of recent variants, on 

the other hand, the variants described as old showed 

multiple mutations (≥ 3 mutations) per sequence 

(Table S3). This difference was found statistically 

significant between old variants versus recent 

variants (FEp= 0.003). 

Distribution of mutations versus lineages 

Figure 2 shows a heatmap to demonstrate 

the occurrence of detected mutations among the 

Pango lineages according to Nextclade. Most of our 

spike sequences (22/23, 95.6%) fall under 2 main 

lineages named C.36.3 (13/23, 56.5%) and B.1.1.7 

(9/23, 39%). The most common mutations detected 

among the C.36.3 lineages are D614G and Q677H 

(100% each), followed by L452R (77%). On the 

other hand, the most common mutations detected 

among the B.1.1.7 lineages are N501Y, A570D, 

D614G, P681H, and T716I (100% each), followed 

by D627N (67%) then R567K (22%). 

Correlation analysis between mutations 

Figure S1 shows network analysis to 

demonstrate correlation between different mutations 

in spike protein. The green lines represent positive 

correlation while the red lines represent negative 

correlations. The color intensity represents the 

degree of correlation. The more intense color 

indicates a higher correlation while faded colors 

describe low or no correlation. 

The second most frequent mutation 

“Q677H” was perfectly negative correlated (rho= -

1, p<0.00001) with the 4 following mutations: 

N501Y, A570D, P681H, and T716I, while those 4 

mutations were perfectly positive correlated to each 

other (rho= 1, p= <0.00001). Similarly, the third 

most frequent mutation “L452R” was strongly 

negative correlated (rho= -0.7, p= -0.019) with the 

same 4 mutations. The D627N was positively 

correlated (rho= 0.74, p= 0.0057) with the following 

mutations: N501Y, P681H, and T716I. Moreover, 

several strong positive correlations were found 

among the following pairs of mutations, Q677H and 

L452R (rho= 0.7, p= 0.019), R567K and E619K 

(rho= 0.69, p= 0.026). 

Phylogenetic analysis 

According to the ML phylogenetic tree, the 

23 partial spike sequences were clustered in two 

main domains: group 1 encompassing 14 branches 

(all C.36.3 Pango lineage and B.1.1) and group 2 

encompassing 9 branches (all B.1.1.7 Pango 

lineage) (Figure 3). 

We compared mutation occurrence 

between these two groups. We found that the 

occurrences of L452R and Q677H were 

significantly (p= 0.002 and <0.001, respectively) 

associated with group 1. On the other hand, we 
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revealed that the occurrence of several other 

mutations including N501Y, A570D, D627N, 

P681H, and T716I were significantly (p <0.001, 

each) associated with group 2 (Table 2).  

Association between genotypes and laboratory 

data 

Upon comparing the patients’ parameters 

including laboratory data between group 1 and 

group 2. Group 1 of isolates (mainly C.36.3) showed 

significantly lower level of lymphocytes (p=0.012) 

and WBC (p=0.02) compared to group 2 of isolates 

(B.1.1.7 lineage) (Table 3). Moreover, logistic 

regression analysis (Table 4) confirms that lineage 

of SARS-CoV-2 is significantly associated with 

WBC. Majority of patients diagnosed with B.1.1.7 

lineage (88.9%) expressed normal WBC (4-10 x 

109/L) while most patients diagnosed with C.36.3 

lineage (63.4%) expressed abnormal WBC (<4 x 

109/L).  

Table 1. Summary of demographic and clinical factors for COVID-19 patients included in the study (n= 50). 

Variable Levels Female, 

(n= 32) 

Male, 

(n =18) 

Total, 

(N= 50) 

p-value 

Age (in years) Med. (IQR) 29.0 (22.0-50.0) 47.0 (31.2-59.0) 34.0 (22.0-

54.8) 

WP=0.036* 

Clinical symptoms 

Fever No 2 (6.2) 1 (5.6) 3 (6.0) FEP=1.000 

Yes 30 (93.8) 17 (94.4) 47 (94.0) 

Cough No 7 (21.9) 5 (27.8) 12 (24.0) X2P=0.901 

Yes 25 (78.1) 13 (72.2) 38 (76.0) 

Anosmia No 23 (71.9) 13 (72.2) 36 (72.0) X2P=1.000 

Yes 9 (28.1) 5 (27.8) 14 (28.0) 

Dyspnea No 18 (56.2) 9 (50.0) 27 (54.0) X2P=0.897 

Yes 14 (43.8) 9 (50.0) 23 (46.0) 

O2 Saturation Med. (IQR) 98.0 (96.0-98.0) 97.0 (95.2-98.0) 98.0 (96.0-

98.0) 

WP= 0.699 

Laboratory data 

Procalcitonin (ng/mL) Med. (IQR) 0.4 (0.2-0.6) 0.3 (0.2-0.8) 0.4 (0.2-0.7) WP= 0.943 

D-dimer (μg/mL) Med. (IQR) 0.4 (0.3-0.6) 0.5 (0.4-0.8) 0.4 (0.3-0.7) WP= 0.1 

Ferritin (ng/mL) Med. (IQR) 88.5 (64.8-277.0) 93.0 (41.0-404.0) 89.5 

(50.5-324.2) 

WP= 0.793 

IL-6 (pg/mL) Med. (IQR) 3.0 (2.0-5.4) 4.2 (2.0-11.0) 3.0 (2.0-6.9) WP= 0.745 

Hb (g/dL) Mean ± SD 11.9 ± 1.4 13.3 ± 1.6 12.4 ± 1.6 TP= 0.003* 

PLTs (x 103/μL) Mean ± SD 227.5 ± 79.5 192.2 ± 77.6 214.8 ± 79.9 TP= 0.135 

WBC (x 103/μL) Med. (IQR) 4.7 (4.2-7.5) 5.6 (4.5-7.9) 5.3 (4.2-7.5) WP=0.385 

Lymphocytes (x 103/μL) Med. (IQR) 1.1 (0.8-1.7) 1.4 (0.9-1.8) 1.2 (0.9-1.7) WP=0.412 

LDH (U/L) Med. (IQR) 302.0 (240.5-384.8) 288.0 (247.5-381.2) 301.5 

 (244.2-394.2) 

WP=0.895 

CRP (mg/L) Med. (IQR) 8.0 (5.6-15.2) 6.3 (4.9-13.1) 7.6 (5.0-14.6) WP=0.708 

IL-6: Interleukin-6, WBC: White Blood Count, Hb: Hemoglobin, PLTs: Platelet count, LDH: Lactate dehydrogenase, CRP: C-reactive 

protein. Data is summarized in count and percent for categorical variables. In case of continuous variables, mean and SD are used for 

normal distributed data and median (interquartile range) for not normal distributed data. Bold with asterisk * is statistically significant with 

p-value < 0.05. WP: Wilcoxon rank sum test, FEP: Fisher Exact test, X2P: Chi-square test, TP: T-test.  
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Table 2. Association of spike mutations and genotypes. 

Mutations Levels Group 1 

n= 14 

Group 2 

n= 9 

FEp- value 

D614G Absent 0 (0.0) 0 (0.0) NA 

Present 14 (100.0) 9 (100.0) 

V445G Absent 14 (100.0) 8 (88.9) 0.391 

Present 0 (0.0) 1 (11.1) 

L452R Absent 4 (28.6) 9 (100.0) 0.002 

Present 10 (71.4) 0 (0.0) 

N501Y Absent 14 (100.0) 0 (0.0) <0.001 

Present 0 (0.0) 9 (100.0) 

R567K Absent 14 (100.0) 7 (77.8) 0.142 

Present 0 (0.0) 2 (22.2) 

A570D Absent 14 (100.0) 0 (0.0) <0.001 

Present 0 (0.0) 9 (100.0) 

E619K Absent 14 (100.0) 8 (88.9) 0.391 

Present 0 (0.0) 1 (11.1) 

D627N Absent 14 (100.0) 3 (33.3) 0.001 

Present 0 (0.0) 6 (66.7) 

Y660H Absent 12 (85.7) 9 (100.0) 0.502 

Present 2 (14.3) 0 (0.0) 

Q677H Absent 0 (0.0) 9 (100.0) <0.001 

Present 14 (100.0) 0 (0.0) 

P681H Absent 14 (100.0) 0 (0.0) <0.001 

Present 0 (0.0) 9 (100.0) 

T716I Absent 14 (100.0) 0 (0.0) <0.001 

Present 0 (0.0) 9 (100.0) 

T719S Absent 13 (92.9) 9 (100.0) 1 

Present 1 (7.1) 0 (0.0) 

I720N Absent 13 (92.9) 9 (100.0) 1 

Present 1 (7.1) 0 (0.0) 

S721T Absent 13 (92.9) 9 (100.0) 1 

Present 1 (7.1) 0 (0.0) 

T747P Absent 12 (85.7) 8 (88.9) 1 

Present 2 (14.3) 1 (11.1) 

S750K Absent 13 (92.9) 9 (100.0) 1 

Present 1 (7.1) 0 (0.0) 

Data are presented in count and percent for categorical variables. NA: not applicable. 

Group 1: all C.36.3 and B.1.1 lineages (n= 14), Group 2: all B.1.1.7 lineages (n= 9). 
FEp: Fisher Exact test for count data. Bold p-values are statistically significantly different between two groups at alpha level ≤ 0.05. 
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Table 3. Association between patients’ parameters and genotypes. 

Variable Levels 

N= 23 

Group 1 

n= 14 

Group 2 

n= 9 

p- value 

Gender Female 9 (64.3) 6 (66.7) FEp=1 

Male 5 (35.7) 3 (33.3) 

Age (years) Median (IQR) 22.0 (20.2 to 33.5) 29.0 (22.0 to 53.0) Wp=0.216 

Fever No 2 (14.3) 0 (0.0) FEp=0.502 

yes 12 (85.7) 9 (100.0) 

Cough No 2 (14.3) 3 (33.3) FEp=0.343 

yes 12 (85.7) 6 (66.7) 

Anosmia No 11 (78.6) 8 (88.9) FEp=1 

yes 3 (21.4) 1 (11.1) 

Dyspnea No 6 (42.9) 6 (66.7) FEp=0.4 

yes 8 (57.1) 3 (33.3) 

O2 saturation Median (IQR) 98.0 (96.2 to 98.0) 98.0 (96.0 to 98.0) Wp=0.867 

D-dimer Median (IQR) 0.4 (0.3 to 0.9) 0.4 (0.3 to 0.5) Wp=0.412 

Ferritin Median (IQR) 82.0 (40.8 to 397.8) 115.0 (75.0 to 255.0) Wp=0.875 

IL-6 Median (IQR) 3.0 (1.6 to 11.2) 3.0 (2.0 to 4.0) Wp=0.799 

Procalcitonin Median (IQR) 0.3 (0.2 to 0.6) 0.7 (0.2 to 0.9) Wp=0.278 

Hb Median (IQR) 12.2 (11.6 to 12.9) 12.6 (10.8 to 13.5) Tp=0.840 

PLTs Median (IQR) 222.0 (196.2 to 282.0) 235.0 (180.0 to 338.0) Tp=0.958 

WBC Median (IQR) 3.8 (3.2 to 4.7) 6.7 (4.8 to 7.8) Wp=0.02* 

Lymphocytes Median (IQR) 1.0 (0.5 to 1.4) 1.7 (1.4 to 1.8) Wp=0.012* 

LDH Median (IQR) 271.0 (241.2 to 468.8) 302.0 (245.0 to 350.0) Wp=0.571 

CRP Median (IQR) 6.4 (4.4 to 26.0) 11.0 (5.0 to 16.0) Wp=0.777 

Data are presented in count and percent for categorical variables and in median (interquartile range) for continuous variables. IL-6: 

Interleukin-6, WBC: White Blood Count, Hb: Hemoglobin, PLTs: Platelet count, LDH: Lactate dehydrogenase, CRP: C-reactive protein. 

Group 1: all C.36.3 and B.1.1 lineages (n= 14)., Group 2: all B.1.1.7 lineages (n= 9). 
WP: Wilcoxon rank sum test, FEP: Fisher Exact test, and TP: T-test. Bold p-values are statistically significantly different between two groups 

at alpha level ≤ 0.05. 

Table 4. Logistic regression analysis to assess relation between lineages and WBC among patients with SARS-

CoV-2.  

Abnormal 

WBC 

Normal 

WBC 

OR 

(univariable) 

OR 

(multivariable) 

Gender 

Female 7 (46.7) 8 (53.3) - - 

Male 3 (37.5) 5 (62.5) 1.46 

(0.26-9.31, p=0.673) 

1.42 

(0.15-13.85, p=0.751) 

Age, Mean (SD) 28.2 (13.2) 37.0 (18.6) 1.04 

(0.98-1.11, p=0.221) 

1.03 

(0.95-1.12, p=0.513) 

Lineages 

Group 1 9 (64.3) 5 (35.7) - - 

Group 2 1 (11.1) 8 (88.9) 14.40 

(1.87-310.40, p=0.026) 

13.22 

(1.60-296.58, p=0.035) 
WBC: white blood count, SD: standard deviation, OR: odds ratio 
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Figure 1. Correlation matrix showing magnitude of correlation between multiple factors including age, gender, 

clinical symptoms, and laboratory data for all 50 COVID-19 patients included in the study.  

Blue circles indicate positive correlations while red circles indicate negative correlations between different parameters. The size of the pie 

represents magnitude of correlation. Abbreviations: IL-6: Interleukin 6, WBC: White Blood Count, Hb: Hemoglobin, PLTs: Platelet count, 

LDH: Lactate dehydrogenase, CRP: C-reactive protein. 

Figure 2. Heat map showing the occurrence of mutations by percentage among Pango lineages determined by 

Next clade. 

Data was last accessed in February 28, 2023 by Next clade. Darker red color represents higher percent of mutation occurrence. 
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Figure 3. A maximum likelihood (ML) phylogenetic tree demonstrating clustering of the 23 partial spike 

sequences. 

Blue strip color indicates C.36.3 Pango lineage while Black strip color indicates B.1.1.7 Pang lineage and finally red strip color indicates 

B.1.1 Pango lineage according to Next clade online platform (https://clades.nextstrain.org/). Last accessed February 28, 2023. 

Discussion 

COVID-19 is a serious infection that has a 

significant impact on health worldwide. Globally, 

there are several variants of SARS-CoV-2 that have 

been emerged with multiple types of mutations [21]. 

Those variants have been reported with different 

types of mutations that may affect disease patterns, 

transmission and escaping the host immune defenses 

[22, 23]. The process of developing an effective 

antiviral drugs and vaccination may be hampered by 

such high production rate of variants and mutations. 

In this study, most patients were females 

(64%) with a younger median age of 29.0 (22.0-

50.0) years compared to males 47.0 (31.2-59.0) 

years. In contrast to Alotaibi et al. who reported a 

higher percentage of infection among males than 

females [24]. The controversy could be attributed to 

sex-based immunological changes that contribute to 

differences in the susceptibility to infectious 

diseases [25, 26]. In addition to the small sample 

size of and narrow time frame of the current study. 

The clinical symptoms of COVID-19 range 

from asymptomatic presentations to dizziness, 

cough, fever, and dyspnea. The most common 

clinical symptoms in this study were fever (94%) 

and cough (76%). Similar results were reported in 

Saudi Arabia, fever was detected in 84.1% and 

cough in 64.4% among their patients [27]. 

Meanwhile in Egypt Alotaibi et al. reported fever in 

92%, and cough in 66% among their study group 

[24]. According to meta-analysis done by 

Rodriguez-Morales et al., fever (88.7%) and cough 

(57.6%) were reported as the most common 

presenting symptoms [28]. 

On the other hand, a study conducted in 

Turkey reported that cough (56.6%) was the most 

common symptom, followed by anosmia (35.7%), 

and fever (33.6%) [29]. In Iran, Mamishi et al. 

documented fever (91%) and abdominal pain (58%) 

among other symptoms as the main clinical 

symptoms among pediatric COVID-19 patients 

[30]. 
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In this study, no significant association 

between clinical symptoms and gender was 

detected. Similarly, Ahmed et al. reported no 

significant association of clinical symptoms with 

gender among their cohort [31]. In contrast to this, 

Ancochea et al. reported significant association 

between clinical symptoms and male gender in Italy 

[32]. Such controversies may be attributed to 

physiological changes between male and female 

patients [33], or the small sample size and the fact 

that more females were enrolled in the current study. 

According to the WHO, variants with 

amino acid substitutions associated with confirmed 

phenotypic impact are recognized as variants of 

interest (VOI) such as e.g., Eta, Iota, Kappa and 

Lambda., while variants associated with higher 

transmission rate, more virulence and severe clinical 

picture are referred to as variants of concern (VOC) 

such as Alpha, Beta, Gamma, Delta and most 

recently, Omicron [33,34]. Variant under 

monitoring (VUM) are variants with genetic 

changes that are suspected to affect virus 

characteristics compared to other circulating ones, 

however, their effect is still unclear [34,35]. The 

previous classification of variants is revised and 

updated regularly by WHO. 

During the current era of COVID-19, it is 

essential to perform the whole genome sequencing 

(WGS), or at least to sequence either the complete 

or partial Spike gene to confirm the identity of a 

variant [36]. In fact, Sanger sequencing of the partial 

spike gene is considered a more feasible approach 

compared to WGS.  

We analyzed the partial spike gene variants 

of 23 sequences from Egyptian patients during the 

first wave of the pandemic and categorized them 

into two groups according to phylogenetic analysis. 

Based on the branching of ML phylogenetic tree, the 

first group (group 1) included all C.36.3 and B.1.1 

lineages while group 2 included all B.1.1.7 lineage. 

The C.36 lineage has been circulating since 

the early phases of COVID-19 pandemic. It evolved 

into multiple sub-lineages, including C.36.1, C.36.3, 

and C.36.3.1, across the Egyptian patients’ genome 

[37]. In the current study, according to Nextclade; 

the most frequent lineage was C.36.3 (56.5%) while 

the second most frequent lineage was B.1.17 (39%) 

which classified as alpha (VOC) by WHO.  

Multiple studies were carried out to 

determine the SARS-CoV-2 protein mutations in 

different countries across the world including Egypt. 

Up to now, several mutations of interest have 

occurred in the RBD of the spike gene of SARS-

CoV-2. That is why, in this study, we sequenced the 

partial spike gene to detect prevalence of these 

mutations among Egyptian COVD-19 patients.  

In early 2020, the first known mutation 

associated with higher transmissibility was D614G. 

Since then, the virus has evolved; new mutations 

have occurred, and many variants have been 

described. All 23 sequences in this study expressed 

the spike aspartic acid 614 glycine (D614G) 

substitution which is highly prevalent in global 

SARS-CoV-2 strains associated with severe acute 

infection [38]. 

A total of 23 isolates were successfully 

amplified for sequencing. This may be attributed to 

several factors including faint bands during gel 

electrophoresis, low viral load or altered amino 

acids in the primer binding sites leading poor 

annealing of used primers. 

Among the 23 samples sequenced in the 

current study, 17 mutations in S protein were 

detected. Generally, the multiple variants and 

increased number of mutations are due to the lack of 

replication fidelity and proof-reading mechanism 

that is pathognomonic of majority of RNA viruses 

[11, 39]. Despite of that, these mutations in SARS-

CoV-2 were considered low compared to that 

occurring in other RNA viruses such as influenza 

viruses [40]. 

The emergence of a non-synonymous 

mutation at position 614 (D614G) that was rare 

before March 2020 and then became more common 

as the pandemic spread by June 2020. This mutation 

can lead to enhanced transmission, replication and 

infectivity of the virus in respiratory tract cells by 

enhancing viral entry and increasing the infectious 

titer [41]. This mutation was the most frequent 

mutation detected among the 23 sequenced partial 

spike protein (100%) in our study. 

In agreement with this, D614G mutation 

was detected in 100% of studied cases in numerous 

countries such as Algeria, Morocco, Democratic 

Republic of Congo, and USA [23,38,42,43]. D614G 

was also reported by USA, Saudi Arabia, Qatar, 

Spain and Middle East and North Africa (MENA) 

with high frequencies, 99.3%, 98.3%, 84.2% 81.5%, 

95% and 73.7%, respectively [44-48]. 

The second most frequently detected 

mutation in the present study was Q677H [49] which 

was found in 60.9% of sequenced partial spike 
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protein. This finding agrees with other studies 

conducted in different regions where Q677H 

mutation was the second most frequent mutation 

detected after D614G, but with a lower frequency of 

8.4% in Egypt [46]. It was found that this mutation 

is responsible for increasing infectivity of SARS-

CoV-2, in addition to its ability of escaping the host 

immune response by resisting the neutralizing 

antibodies [38,39,50]. It may also affect the cell 

entry due to its close contact to the polybasic 

cleavage site and its location is adjacent to the 

junction that connects S1 and S2 [43]. 

The third most frequent mutation detected 

in this study was L452R [51] in 52.2% of sequenced 

partial spike protein, in which leucine amino acid 

changed to arginine at position 452. Its prevalence 

was slightly lower compared to 65.9% reported in 

USA [52]. This mutation was observed to influence 

the transmission, infectivity of the virus and disease 

outcome by evading host immunity and enhancing 

adsorption of virus to the host cells. 

A percentage of 39.1% of the sequenced 

cases were found for each of other mutations 

detected, namely, A570D, N501Y, P681H, and 

T716I. The A570D mutation was shown to increase 

the transmission rate and infectivity of the virus by 

switching on or off the RBD [53]. Sabir reported the 

presence of this mutation among 53% of Iraqi 

patients [54]. A570D was reported for the first time 

in UK and its prevalence increased from 0.1% to 

49.7% in one month only [55] in South Africa and 

Brazil [56].  

The following mutations: A570D, N501Y, 

P681H and T716I were positively correlated with 

each other in this study. In a previous study, 

conducted in Pakistan, a total of 93.5% of their 

sequences showed the same pattern. These 

mutations belong to B.1.1.7 variant in this study 

[57]. 

In the current study, WBC and 

lymphocytes were the only laboratory data 

associated with sequence genotypes. B.1.1.7 lineage 

was associated with higher WBC and lymphocytes 

compared to other lineages (p= 0.02, p=0.012, 

respectively). This was confirmed with logistic 

regression analysis. This may indicate that lineage 

may affect WBC and accordingly affect the immune 

response and prognosis to combat the infection. In 

the light of this, further studies with larger sample 

sizes are needed to confirm this association. 

One limitation of the current study is the 

small sample size due to inability to amplify all 

included isolates. Therefore, we recommend a larger 

scale study with follow up of patients would be 

beneficial. Using different sets of primers for better 

amplification rate and to amplify larger part of S 

protein to cover further mutations in the future. 

Also, we recommend that future studies include 

more confounder variables such as common 

comorbidities like diabetes. We should implement 

sequencing on a routine basis to identify circulating 

variants in Egypt and to determine their impact on 

viral transmission and virulence.  

Conclusions and recommendations 

To the best of our knowledge, this is the 

first study to correlate SARS-CoV-2 spike protein 

mutations with laboratory data in Alexandria, Egypt. 

The main conclusions are low heterogeneity among 

the 23 sequenced isolates that was observed based 

on the phylogenetic tree. Recent circulating variants 

have fewer spike mutations (2 or fewer) compared 

to old variants (3 or more). The diversity of 

mutations in SARS-CoV-2 may enhance virulence 

and transmission of the virus. Level of WBC and/or 

lymphocytes may significantly differ according to 

infecting lineage. This finding may impact 

progression of SARS-CoV-2 infection. 
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