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Introduction

On March 11, 2020, the World Health Organization 
(WHO) classified the prevalence of Coronavirus disease 
2019 (Covid-19) as a global pandemic crisis (1). Des-
pite the restricted measures of lockdown and quarantine, 
SARS-COV-2, like other RNA viruses, we have expe-
rienced multiple mutations and emerging variants (2). 
Omicron was announced as the first variant in South 
Africa on November 24, 2021(3, 4). It spread worldwide 
and became a dominant variant (2). Accordingly, multiple 
subvariants of Omicron have emerged: BA.2, BA.3, BA.4, 
and BA.5 (5). In addition, WHO has recorded B.1.1.529 as 
a Variant of Concern (VOC) (WHO, 2021) involving four 
variants: Alpha (lineage B.1.1.7, Beta (lineage B.1.351), 
Gamma (lineage P.1), and Delta (lineage B.1.617.2) (4).  

The SARS-CoV-2 genome is between 29.8 kb and 29.9 
kb and consists of spike protein (S), envelope (E), mem-
brane (M), and nucleocapsid (N) proteins (6). The Omi-
cron variant had several mutations, including 37 nonsyno-

nymous changes in the spike protein, 11 in the amino-ter-
minal domain (N-terminal domain [NTD]), and 15 in the 
receptor-binding domain (RBD) (7).

The BA.5 subvariant has been characterized by spike 
mutations, L452R and F486V (the BA.4 sequence is iden-
tical to the BA.5 sequence for the spike protein) (7, 8). 
Omicron BA.4 shares all mutations/deletions with the 
BA.2 lineage except NSP4: L438F, which is reverted to 
WT (wild type); S: 69/70 deletion, L452R, F486V, Q493 
(WT); ORF 6: D61 (WT); ORF 7b: L11F; N: P151S. 
Ultimately, Omicron, BA.5 shares the same mutations/
deletions as BA.4 except M: D3N; ORF7b: L11 (WT); N: 
P151 (WT); synonymous SNPs: A27038G, and C27889T 
(8). 

Omicron variants have become a real challenge to the 
efficacy of COVID-19 vaccines (9). The BA.4 and BA.5 
variants have mutations that make reinfection in vacci-
nated individuals possible (8). The Omicron variant also 
spread among Kurdistan people (10). The current study 
aimed to analyze the genomic structure of Omicron sub-
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Due to several mutations in its genomic sequence, particularly in the spike protein region, the recently-dis-
covered SARS-CoV-2 variant B.5.2.1 has alarmed health policy authorities worldwide. The World Health 
Organization (WHO) has labelled it "Omicron" and classified it as a worldwide variant of concern (VOC). 
Following the appearance of Omicron in Iraq, new cases were also detected and analyzed in Kurdistan re-
gions. Two hundred patients were recruited in this study from Erbil/Iraq. The RNA genome samples were 
extracted,  the qRT-PCR performed, and 10 samples were sequenced. The sample sequence was published 
(EPI ISL 15921492) in the GISAID international gene bank for COVID-19. When compared to the BA.1 
Omicron sublineage, 17 new mutations and five deletions in the  Omicron subvariant BA.5.2.1 sequence 
were detected. The spike region includes eight of these variations and one deletion. Overall, 30 substitutions 
were shared between those previously seen in the BA.1 sublineage and the newly-detected BA.5.2.1 Omicron 
subvariant. We detected eight new substitutions in our BA.5.2.1 subvariants (T112I, A27S, V213G, T376F, 
D405N, R408S, L452R, F486V), which were not mentioned previously, should be cause for concern and may 
be related to immune escape or viral oligomerization. Omicron might be more immune-escape-capable than 
the current VOCs/VOIs. However, the predicted mutational research shows no conclusive evidence that the 
Omicron variant may be more virulent or fatal than other variations, including Delta. The greater capacity for 
immunological evasion may cause the current increase in Omicron cases in Erbil/Iraq.
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lineage BA5.2.1 isolated in Erbil, Kurdistan Region, Iraq, 
to summarize the evolutionary mechanisms through which 
these variants are emerging and outline the phylogeny of 
other related variants to show the risk of infection and its 
impact on the flow of immunity and vaccination. 

Materials and Methods

Ethical statement and consent to cases 
All methods performed in this research study, including 

human cases and clinical characteristics, were tracked and 
permitted by the Local Human Research Ethics Commit-
tee (HERC) at Salaheddin University-Erbil (Reference 
No. 3c/234). During the sample collection period, written 
informed consent and permission were obtained from the 
research cases. In addition, all procedures while conduc-
ting the research were carried out following the 1964 Hel-
sinki Declaration.

Sample Collection
Oro-nasopharyngeal swabs from 200 cases at the BIO 

laboratory were taken to demonstrate the performance of 
the RT-qPCR for detecting SARS-CoV-2 variants. The 
samples were immediately utilized for RNA extraction. 
Aside from the swabs taken, all clinical features were ga-
thered via a questionnaire [swabs taken showed that all 
swabs tested positive for SARS-CoV-2 sub-lineages.
 
RNA extraction and RT-qPCR for detection of corona-
virus strains 

From each 200 samples 200microliters was used , to 
isolate the viral genome, as mentioned in the Nucleic Acid 
Extraction Kit (Magnetic Bead Method, Reference No.: 
B200-32). A Zybio EXM3000 Nucleic Acid Isolation Sys-
tem (Catalogue No.: ZBI-EXM3000, Thailand) was uti-
lized to detect the SARS-CoV-2 genome.

The PowerChekTM SARS-CoV-2-S-gene Mutation 
Detection Kit Version 3.0 (Cat. No. R6922Q) identified 
SARS-CoV-2 variations in these samples. The total reac-
tion volume for preparation of an RT-qPCR reaction was 
20µ, including 5µl of sample RNA, 5µl of each Primer/
Probe mix (FastPlex™ 1 Step SARS-CoV-2 Detection 
Kit/Cat. No.: 02.01.1020), and 10 μL of a 2X RT-PCR 
Master Mix. The company's instructions for executing RT-
qPCR were followed in  applying ZYbio. The first strand 
of cDNA was synthesized from the template RNA at 50°C 
for 20 minutes using reverse transcriptase and a specific 
primer. The RT-qPCR program was set up by starting the 
initial denaturation step at 95°C for 5 minutes. Then, there 
were 35 cycles of denaturation at 95 °C for 10 seconds, 
followed by annealing at 60 °C for 30 seconds and elon-
gation at 72 °C for 30 seconds. The instrument adjusts 
each Kit's threshold lines by the CoA-specified Ct values. 
Finally, fluorophore curves on FAM, JOE, ROX, cy5, and 
Quasar were assessed for data analysis.

Whole-genome sequencing workflow for identification 
of coronavirus strains
Sample preparation

Whole-genome sequencing was performed for 10 out 
of the 200 samples with Ct< 30 to identify the coronavirus 
strains. The clinical characterization of these included Sex 
(5 males and 5 females); age (50< 10 cases); BMI (Nor-
mal weight=3 cases and overweight=7 cases); symptoms 

(Fever= 10 cases, chills= 7 cases, stomach ache=7 cases, 
cough=10 cases); vaccination (vaccinated= 2 cases, and 
unvaccinated=8 cases); hospitalization (non-hospitalized= 
10 cases). Total RNA molecules were extracted from each 
sample (as described in QIAGEN QIAmp Viral Mini Kit, 
PN 52904). 

RNA Library Construction
This study used 200ng of the sample RNA to construct 

an RNA library. Ten RNA libraries were generated from 
reduced RNA for ten samples by utilizing the Kit of Tru-
Seq Stranded Total RNA (Illumina, Cat no. 20020599) and 
the IDT for Illumina TruSeq RNA UD Indexes (96 indexes, 
96 wells, Illumina, Cat no. 20022371). Human ribosomal 
RNA (rRNA) was then eliminated using the Ribo-Zero 
Gold rRNA depletion protocol (Illumina, 96 samples, Cat 
no. 20020599). After removing rRNA molecules, first- and 
second-strand cDNA molecules were synthesized from the 
remaining RNA molecules using DNA polymerase I and 
RNase H, as explained in the TruSeq Stranded Total RNA 
procedure. Following this, adenylation was performed by 
adding adenine (A) to the blunt double-stranded (ds)-cD-
NA fragments to prevent them from ligating to each other 
during the adapter ligation reaction. After that, adapter 
ligation was carried out to prepare the ds-cDNA for hybri-
dization onto a flow cell. To amplify the prepared ds-cDby 
using the Illumina NextSeq 500 method with a 150-cycle 
high-output kit (v2.5) to generate 75-bp paired-end reads, 
DNA Polymerase I utilized in the assay did not combine 
past dUTP.

Consequently, the second strand of cDNA was effec-
tively quenched during amplification. The amplifications 
were then enriched with PCR and purified by KAPA Libra-
ry Quantification Kit (Kapa Biosystems, Roche Diagnos-
tics Corporation, USA) to generate the final cDNA library. 
The products were saved for further study (Nextera) in 
the future. After the Bcl files were converted to Fastq, the 
CLC genomics workbench version 11.0 was used to mea-
sure them (CLC, QIAGEN, Germany). Genetic mutations 
were confirmed and shown with the BAM files, applying 
Geneious software.

Data analysis
This study used FAST-QC to perform read quality 

control, as explained in (11). The Fastp tool version 0.19 
was applied to trim adapter sequences and low-quality 
bases, as mentioned in (12). The CD-HIT-DUP v4.6.8 tool 
was utilized to filter out low-complexity reads and dupli-
cates with fewer than forty bases, as mentioned in (13). 
Using Bowtie2 v2.3.4.3 and the SILVA database as a refe-
rence compared to the human genome version GRCh38.
p13, off-target readings were eliminated (14).

De novo assembly was performed using mapped 
reads with the SPAdes v3.14.0 tool. Viral genomes were 
assembled from the input by comparing the trimmed rea-
dings to the Wuhan-Hu-1 reference genome sequence 
(MN908947). The reads collected for each sample were 
compared to the reference genome using the Bowtie2 
v2.3.4.3 program. The majority threshold criterion was 
used to generate consensus genome sequences. Only alig-
ned reads with a coverage level higher than 80% and an 
average depth of 8 were used in the experiments.

The genome sequence was sent to GISAID (Global Ini-
tiative on Sharing All Influenza Data) on 2022 November 
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also considered in this study; 32.5% ranged in standard 
categories (18.5-24.9), 11% were considered underweight, 
25% were overweight, and 31.5% were obese (BMI ≥ 30). 
Cough and runny nose were the most significant symp-
toms among 97.5% and 94.5%, respectively, followed by 
fever (72.5%), chills (47.5%), stomach ache (42.5%) and, 
to a lesser extent, diarrhoea; found in 22.5%. Most of the 
patients were not hospitalized, and 72.5% were non-vac-
cinated.

Characteristics of the related genomes
The 2276 Omicron genome sequences retrieved from 

GISAID were mainly isolated from the United States 
(>70%), followed by strains from Canada and Japan, at 
20% (Figure 1A). The set of genomes was collected over 
three months (Figure 1B). The isolated genome sequence 
was compared to the related genomes to define the Omi-
cron variant in Erbil-Iraq. The sequenced results show that 
the isolated sequence had the highest sequence similarity 
with the lineage of BA. 5.2.1. Figure 1C showed that the 
most frequent and related lineage was BA.5.2.1 and, to a 
lesser extent, the BA.5 lineage. The highest number of the 
recorded genomes by distance was closely related to our 
genome (Figure 1D).
 
Phylogeny of the query sequences and related genomes

The isolated strain from Erbil/ Iraq recorded from the 
GISAID database (accession number: EPI_ISL_15921492) 
was found to belong to the lineage of BA.5.2.1 (Figure 2). 
Based on the GISAID BLAST tool, the sequence simila-
rity of the isolated whole genome was identified, with 61 
complete genome sequences from nine countries. A phy-
logenetic tree was constructed based on the whole rela-
ted genome of Omicron variants. It showed a very close 

11 to receive an admission number. The complete GISAID 
database personnel validated the genome; accession num-
ber EPI ISL 15921492 was assigned. The whole genome is 
now accessible to all GISAID researchers.

Phylogenetic analysis 
To find the closest relationship between our sample 

(virus name: hCoV-19/Iraq/SOM/2022; Accession ID: 
EPI ISL 15921492) and other SARS-CoV-2 variants in 
Iraq, the whole-genomic sequence of Omicron variants 
across the globe was collected in GISAID (https://gisaid.
org/phylodynamics/global/nextstrain/). The primary local 
alignment search (BLAST) tool on the GISAID website 
was searched for closely-related sequences against all 
sequences in the database (https://github.com/nextstrain/
ncov/). Approximately 2276 Omicron genome sequences 
from the GISAID in different countries were retrieved and 
arranged to find the closest relationship between our ge-
nome and these genomes. Then, Molecular Evolutionary 
Genetics Analysis Version 11 (MEGA11) software was 
used to construct a phylogenetic tree.

Spike protein secondary structure
The secondary structure in different views was 

designed to determine the spike mutations using 
CCP4 software, version 8.0 (https://www.ccp4.ac.uk/
download/#os=windows).

Results

Patients Characteristics
Out of 200 samples (Table 1), approximately 60% were 

male, and 40% were female. Most patients were older 
than 50 years old (65%). The weight of the patients was 

Characteristic No. of cases (%) OR (95% C1) Significance
Sex

Male
Female

120 (60)
80 (40)

6.61 (5.10-10.50)
7.23 (5.11-9.34)

**

Age
50<
50≥

70 (35)
130 (65)

6.53 (5.06-10.12)
7.32 (5.43-9.76) ***

BMI Categories:
Underweight ≤18.5

Normal weight = 18.5–24.9
Overweight = 25–29.9

Obesity = BMI of 30 or greater

22 (11)
65 (32.5)
50 (25)

63 (31.5)

4.45 (3-6.98)
7.89 (3.91-12)

5.45 (4.45-9.64)
5.01 (4.21-6.54)

**

Common Symptoms
Fever
Chills
Cough

Stomach ache
Runny nose

Diarrhea

145 (72.5)
95 (47.5)
190 (97.5)
85 (42.5)
189 (94.5)
45 (22.5)

5.34 (4-9.40)
6.11 (5.67-8.43)
5.21 (4.18-11.32)
5.09 (4.44-8.06)
6.32 (5.09-8.26)
7.45 (6.09-10.25)

*
ns
ns
ns
*

Vaccination
Vaccinated

Non-vaccinated
55 (27.5)
145 (72.5)

5.84 (3.20-7.55)
7.43 (4.97-11.57)

**

Hospitalized
Non-hospitalized

Hospitalized
175 (87.5)
25 (12.5)

10.22 (8.43-12.07)
5.65 (4.50-8.82) **

Table 1. Characteristics of cases with SARS-CoV-2 Omicron variant (BA.5.2.1).

*p<0.05; **p<0.01; ***p<0.001; ns=Non-significant; BMI: Body Mass Index
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relationshipbetween the isolated strain and the strain from 
Iran (EPI_ISL_15885942) (Fig.2A). All the genomic 
sequences from different countries in the last six months 
of 2022 were isolated and closely related (Fig.2B). Figure 
2B shows that most US residents were infected with Omi-
cron sub-lineages. Figure 2C compares many mutated 
amino acids in spike proteins across different countries.  
Several charged amino acids were found to be shared 
between them, including S. D796Y, S. N764K, S. N969K, 
S. P25del, S. P26del, S. T19I, and S. V213G. The retrieved 
sequences from the GISAID database were also compared 
in their spike regions, and the analysis showed that most 
of the mutations are unique to the Omicron variant. The 
isolated BA.5.2.1 Omicron variant from this study had a 
higher close relationship with the Omicron variants found 
in Iran, the US, and Denmark (Table 2).

Genomic analysis of BA.5.2.1 strain
The sequence analysis of the newly-isolated strain from 

the Erbil/Kurdistan region of Iraq showed that it belongs to 
the BA.5.2.1 sub-lineage. The genome consists of 28,955 
nucleotides (Figure 3). Many gelation and amino acid 
substitutions were detected in most of the genome; some 
are novel. The others were also previously seen in strain 
from Erbil/ Iraq, belonging to the BA.1—sub-lineage (15). 
The analysis showed that these novel substitutions in the 
BA.5.2.1 sub-lineage from the Erbil/ Iraq strain were de-
tected, which are T24I, L264F, T327I, P132H (ORF1a), 
R392C, A509V, I42V (ORF1b), T112I, A27S, V213G, 
T376F, D405N, R408S, L452R, F486V (spike), S314R, 
A398V (nucleocapsid). Moreover, amino acids were also 
deleted in the ORF1b (4 amino acids) and spike (1 amino 
acid) regions which are T19I, L24, P25, P26 and G142D, 
respectively.

On the other hand, other amino acids substituted in the 
BA.5.2.1 sub-lineage were also detected in the previously-
isolated BA.1. sub-lineage. In ORF1a, both amino acids 
K384R and T492I were substituted. In ORF1b, P323L is 
substituted. Approximately 20 amino acids are substitu-
ted in the.2.1; the same is found in AB.1. sub-lineage and 
they are G339D, S371F, S373P, S375F, K417N, N440K, 
S477N, T478K, E484A, Q498R, N501Y, Y505H, D614G, 
H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K. 

Amino acids in the envelope (T9I), membrane (D3N, 
Q19E, A63T) and nucleocapsid (P13L, R203K, G204R) 
were detected as well.

Furthermore, deleted amino acids in AB.5.2.1. were 
observed as well, which were previously detected in the 
isolated strain AB.1. from Erbil/Iraq; these are L105, 
S106, G107 (ORF1a); H69, V70, N144 (ORF1b); E31, 
R32, S33 (nucleocapsid).

Spike glycoprotein structure and mutation determina-
tion

The alignment specifically for the spike region showed 
that in the total of 1276 amino acids, there are 30 amino 
acid substitutions (Figure 4) which are: T20I, T112I, A27S, 
V213G, G339D, S371F, S373P, S375F, T376F, D405N, 
R408S, K417N, N440K, L452R, S477N, T478K, E484A, 

Figure 1. The related genomes are colored by distance to the nearest 
query sequence. The charts show the number of associated genomes 
from each of the most frequent countries (A), the number of related 
genomes by collection date (B), the number of associated genomes 
assigned to each of the most frequent lineages (C), and the number 
of related genomes by distance from the closest query sequence (D).

Figure 2. Maximum-likelihood tree of the query sequences, rela-
ted genomes, and an outgroup (the WIV04 reference sequence from 
Wuhan). The figure shows (A) the tree, with branch lengths given by 
the genetic distance (the estimated number of mutations) [A yellow 
background indicates the query sequences]. The Accession ID, or the 
number of genomes in the group label tips. (B) The collection date of 
the sequences within each tip group is coloured by location. (C) The 
frequency of occurrence of spike mutations within each tip group. (D) 
The collection date of the sequences within each tip group, coloured 
by lineage.

Figure 3. Genome sequence analysis of BA.5.2.1. The genome was 
about 28.955 nucleotides. The mutation loci on the genome were 
determined by colour; blue colour indicated the unknown effect of 
mutated amino acids, pink indicated indels, and green showed phe-
notype effects.
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F486V, Q498R, N501Y, Y505H, D614G, H655Y, N674K, 
N679K, P681H, N764K, D796Y, Q954H, N969K. The 
eight deletions (P24, P25, P26, H69, V69, V70, G142D, 
N144 (Y144)) were detected in the C-terminal region of 
the spike region. Most of the polymorphisms were located 
in the S1 region and S1-S2 junction (Figure 5). These were 
considered to impact the binding process to the ACE2 re-
ceptor, the binding of amino acids with the ACE2 receptor 
and the amino acid substitutions. The analysis also showed 
that amino acids from 339-417 can form a complex and 
bind to ACE2. Eight amino acids were shown to be subs-
tituted: G339D, S371F, S373P, S375F, N408S, D405N, 
K417N, N440K, T478K, Q498R. Six of these were also 
detected in the previously-isolated strain of the AB.1 su-

blineage. However, two of these substitutions, N408S and 
D405N, are only found in the AB.5.2.1 sublineage.

Phylogenetic tree analysis of the Omicron strains
To analyze the samples from this study with the pu-

blished omicron variants, 2275 sequences were retrieved 
from the GISAID database. The samples were isolated 
from their appearance from November 2021 until De-
cember 2022. Interestingly, all the samples created eight 
clades; including 21K, 21L, 22A, 22B, 22C, 22D, 22E, 
and 22F (Figure 5a). The BA.5.2.1 Omicron variants from 
Erbil/Iraq belong to Clade 22B, which includes the most 
transmitted variants (Figure 5b).

Accession ID Tip Collection date Submit date Lineage Clade Distance Quality Country / State
EPI_ISL_15885942 1 2022-06 2022-11-23 BA.5.2.1 GRA 1 0.954 Iran / Hormozgan
EPI_ISL_15410331 8 2022-09-29 2022-10-18 BA.5 GRA 2 0.961 USA / North Carolina
EPI_ISL_15825602 8 2022-07-21 2022-11-19 BA.5.2.1 GRA 2 0.935 USA / Washington
EPI_ISL_14105014 8 2022-07-11 2022-07-28 BA.5 GRA 2 0.922 USA / New Hampshire
EPI_ISL_15802168 9 2022-05-26 2022-11-17 BA.5.2.1 GRA 2 0.907 USA / Kentucky
EPI_ISL_14331762 3 2022-07-29 2022-08-09 BA.5 GRA 3 0.968 USA / South Carolina
EPI_ISL_14432765 4 2022-08-05 2022-08-12 BA.5.2.1 GRA 3 0.966 Denmark / Sjaelland
EPI_ISL_14157529 5 2022-06-09 2022-07-30 BA.5.2.1 GRA 3 0.949 USA / Arizona / Maricopa County
EPI_ISL_13645498 6 2022-06-20 2022-07-05 BA.5.2.1 GRA 3 0.939 USA / Illinois
EPI_ISL_14622897 7 2022-08-12 2022-08-25 BF.21 GRA 3 0.917 USA / North Carolina / Pitt County
EPI_ISL_14010757 8 2022-07-09 2022-07-23 BA.5.2.1 GRA 3 0.978 USA / Massachusetts
EPI_ISL_14653864 8 2022-08-09 2022-08-26 BA.5.2.1 GRA 3 0.973 USA / Connecticut
EPI_ISL_13717494 8 2022-06-19 2022-07-08 BA.5.2.1 GRA 3 0.971 USA / Washington
EPI_ISL_14913088 8 2022-08-28 2022-09-11 BA.5.2.1 GRA 3 0.971 Australia / Sydney
EPI_ISL_14913084 8 2022-08-24 2022-09-11 BA.5.2.1 GRA 3 0.971 Australia / Sydney
EPI_ISL_13915909 8 2022-07-05 2022-07-19 BA.5.2.1 GRA 3 0.970 USA / Washington
EPI_ISL_15824267 8 2022-10-19 2022-11-18 BA.5.2.1 GRA 3 0.969 Canada / Alberta
EPI_ISL_13644645 8 2022-06-14 2022-07-05 BA.5.2.1 GRA 3 0.968 USA / California
EPI_ISL_15178941 8 2022-09-16 2022-09-29 BA.5.2 GRA 3 0.968 USA / Indiana
EPI_ISL_15279104 8 2022-09-09 2022-10-06 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_12973031 8 2022-05-21 2022-05-28 BA.5.2.1 GRA 3 0.967 Belgium / Brussels Capital Region
EPI_ISL_15667100 8 2022-10-10 2022-11-04 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_15278918 8 2022-09-05 2022-10-06 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_15666799 8 2022-10-13 2022-11-04 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_15666783 8 2022-10-12 2022-11-04 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_15599660 8 2022-10-06 2022-10-31 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_15272936 8 2022-08-07 2022-10-06 BA.5.2.1 GRA 3 0.967 USA / New York / Niagara County
EPI_ISL_14964710 8 2022-08-04 2022-09-14 BA.5.2.1 GRA 3 0.967 USA / Alaska / Anchorage
EPI_ISL_14513141 8 2022-08-08 2022-08-18 BA.5.2.1 GRA 3 0.967 USA / Massachusetts
EPI_ISL_15200098 8 2022-09-12 2022-09-29 BA.5.2.1 GRA 3 0.967 Canada / Manitoba
EPI_ISL_15376486 8 2022-09-12 2022-10-14 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_15376411 8 2022-09-06 2022-10-14 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_14501973 8 2022-08-03 2022-08-17 BA.5.2.1 GRA 3 0.967 USA / Connecticut
EPI_ISL_14294139 8 2022-07-24 2022-08-08 BA.5.2.1 GRA 3 0.967 USA / District of Columbia
EPI_ISL_14263558 8 2022-07-18 2022-08-05 BA.5.2.1 GRA 3 0.967 USA / Washington
EPI_ISL_15666949 8 2022-10-10 2022-11-04 BA.5.2.1 GRA 3 0.967 Canada / Alberta
EPI_ISL_14054153 8 2022-07-10 2022-07-26 BA.5.2.1 GRA 3 0.967 USA / Illinois
EPI_ISL_13807435 8 2022-06-26 2022-07-13 BA.5.2.1 GRA 3 0.966 USA / Arizona
EPI_ISL_14651763 8 2022-08-06 2022-08-26 BA.5.2.1 GRA 3 0.966 USA / Arizona
EPI_ISL_14502434 8 2022-08-04 2022-08-17 BA.5.2.1 GRA 3 0.966 USA / Connecticut
EPI_ISL_14556062 8 2022-07-31 2022-08-19 BA.5.2.1 GRA 3 0.966 USA / Maryland
EPI_ISL_13424583 8 2022-06-07 2022-06-23 BA.5.2.1 GRA 3 0.966 Spain / Catalunya
EPI_ISL_13931508 8 2022-06-29 2022-07-19 BA.5.2.1 GRA 3 0.966 Canada / Ontario
EPI_ISL_14958676 8 2022-07-21 2022-09-14 BA.5.2.1 GRA 3 0.966 USA / Alaska / Anchorage
EPI_ISL_14191964 8 2022-07-09 2022-08-02 BA.5.2.1 GRA 3 0.966 USA / Ohio
EPI_ISL_14191830 8 2022-07-09 2022-08-02 BA.5.2.1 GRA 3 0.966 USA / Ohio
EPI_ISL_14271578 8 2022-07-11 2022-08-05 BA.5.2.1 GRA 3 0.966 USA / Maryland
EPI_ISL_14271608 8 2022-07-11 2022-08-05 BA.5.2.1 GRA 3 0.966 USA / Minnesota
EPI_ISL_14280262 8 2022-07-12 2022-08-05 BA.5.2.1 GRA 3 0.966 USA / California
EPI_ISL_14641646 8 2022-07-27 2022-08-26 BA.5.2.1 GRA 3 0.966 Japan / Fukushima
EPI_ISL_14726224 8 2022-07-19 2022-08-30 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14732215 8 2022-07-19 2022-08-30 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14856744 8 2022-07-08 2022-09-08 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14856747 8 2022-07-08 2022-09-08 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14861132 8 2022-07-19 2022-09-08 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14861140 8 2022-07-19 2022-09-08 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14989962 8 2022-07-20 2022-09-16 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_14990279 8 2022-07-20 2022-09-16 BA.5.2.1 GRA 3 0.966 Japan / Tokyo
EPI_ISL_13760462 8 2022-06-20 2022-07-11 BA.5.2.1 GRA 3 0.966 Netherlands / Overijssel
EPI_ISL_15069070 8 2022-08-30 2022-09-22 BA.5.2.1 GRA 3 0.966 Japan / Kanagawa

Table 2. Sixty-one related genomes to this genomic sequence (EPI_ISL_15921492).
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Discussion

In July 2022, the discovery of COVID-19 subvariant 
Omicron BA.5.2.1 was officially announced in Shanghai. 
Last October and September, a new wave of severe infec-
tion with COVID-19-like symptoms dominated Iraq's 
Kurdistan region. The Omicron subvariant known as BA.5 
is the most contagious subvariant to date and has evolved 
into the predominant variant circulating in the United 
States and much of the world. In many nations, BA.5 is 
gradually replacing the early BA.1 and BA.2 Omicron 
subvariants of SARS-CoV-2 (16). Many subvariants of 
the Omicron strain have been discovered worldwide since 
its appearance. A considerable number of variations were 
detected in the analysis of subvariants, which generally  
impacted the ACE2 binding site, immune escape and viral 
oligomerization (17-19).

More than any other SARS-CoV-2 variant before, 
Omicron has roughly 50 mutations, 32 of which were in 
the spike protein, which most vaccines work to neutralize 
(20). The computational tools analyzed the number of mu-

tations among different Omicron subvariants and showed 
39 variations in BA.1, 40 in BA.1.1 and 31 in BA.3 21. 
When compared to the BA.1 Omicron sublineage, 17 new 
mutations and five deletions in the entire sequence of Omi-
cron subvariant BA.5.2.1 were detected in this study. The 
spike region included eight of these variations and one 
deletion. Overall, 30 substitutions were shared between 
the previously-detected BA.1 sublineage and the newly-
detected BA.5.2.1 Omicron subvariant. 

Compared to wild-type (WT), Omicron and sub-va-
riants demonstrated a greater affinity for human ACE2 
and the potential for more transmission (21). The Omi-
cron variation binds receptors less effectively than the WT, 
according to the N-terminal domain (NTD) of the spike 
protein's negative electrostatic potential (NEP) value (22). 
The electrostatic potential of NTD negative value might 
be one of the reasons why the Omicron form is considered 
less hazardous to the lower respiratory tract, given that at 
least one receptor is strongly expressed in lung and bron-
chial cells (22). The transmission potential of the Omicron 
sub-lineages BA.2 and BA.3 is more potent than that of 
BA.1 and BA.1.1. Previously, it was revealed that new salt 
bridges and hydrogen bonds formed by altered residues in 
BA.1.1 (K478), BA.2 (R400, R490, and R495), and BA.3 
(R397 and H499) (23). The subvariant BA.5.2.1 also has 
T478K variation in the spike NTD, which is thought to 
increase the binding affinity to hACE2.

The amino acid variations at the Receptor-binding Mo-
tif (RBM) residues such as T478K, Q498R, N501Y and 
Y505H all considerably impact effective binding affinity 
for human ACE2, which may decline due to the presence 
of variation at 417 residues (K417N) (24). A previous 
analysis showed that G339D substitution increased RBD 
expression and affected antibody binding (25). The three 
substitutions at S371F, S373P, and S375F have a role in 
escaping from immunity through recognizing antibodies, 
impacting viral oligomerisation, and increasing human 
ACE2 binding (26).

Both amino acids H69 and V70 were deleted in the 
BA.5.2.1 Omicron subvariant spike region, which is belie-
ved to impact the infectivity compared to the wild type, 
specifically in causing chronic inflammation and viral ex-
cretion because of the effect on host interactions and speci-
fically on immune escape (27). Moreover, other variations 
at the E484K, N501Y, and P681H were related to immune 
escape and inflammation (27, 28). Both variations, P323L, 
in the RNA-dependent-RNA Polymerase and D614G in 
the spike region, were revealed to be related to viral repli-
cation and the severity of the viruses (29).

Even though many studies suggest that an Omicron 
infection is less severe than a Delta infection, the rapid 
increase in cases will lead to more hospitalizations, impo-
sing stress on healthcare systems as they try to treat pa-
tients with COVID-19 and other diseases  simultaneously. 
Despite the high estimated transmissibility of Omicron 
subvariants, we believe that future COVID-19 waves may 
be prevented by updated vaccines, reduced immunization 
inequalities, enhanced antiviral therapy, and preventive 
measures adopted by susceptible populations.

In conclusion, the emergence of the Omicron subva-
riant BA.5.2.1 as the most contagious COVID-19 variant 
is a cause for concern. The subvariant is replacing earlier 
subvariants in many countries, including the Kurdistan 
region of Iraq, where it is the most frequent and related 

Figure 4. Spike glycoprotein sequence with mutation determination. 
A. Spike Sequence with 35 mutations, Length = 1278 aa. B. Structure 
profile of the spike and mutation determination. (C) Spike-ACE2 inte-
raction and Mutation determination.

Figure 5. Analysis of Phylogenetic tree. a. Unrooted tree was built up 
based on 2275 Omicron samples. They show eight clades of Omicron 
detected between Nov 2021 and Dec 2022. b. The rectangular tree, 
including 810 of 2275 Omicron samples, was zoomed in to show our 
sample in the 22B clade of Omicron.
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lineage. The fact that vaccinated individuals may still be 
infected with this subvariant highlights the possibility of 
antigenic drift.

Particular amino acid variations, such as those in the 
RBM, can affect the binding affinity for human ACE2, 
potentially leading to immune escape and inflammation. 
Although Omicron infections may be less severe than Del-
ta infections, the rapid increase in cases could still strain 
healthcare systems.

Continuous surveillance and assessment are crucial 
to effectively respond to the Omicron subvariant and any 
future emerging variants. This could include monitoring 
the subvariant's spread and impact, evaluating current vac-
cines' effectiveness, and developing new vaccines if ne-
cessary. Overall, it is essential to remain vigilant and take 
appropriate measures to contain the spread of the virus and 
mitigate its impact on public health. 

Conclusions
In conclusion, the emergence of the Omicron subva-

riant BA.5.2.1 as the most contagious COVID-19 variant 
is a cause for concern. The subvariant is replacing earlier 
subvariants in many countries, including the Kurdistan 
region of Iraq, where it is the most frequent and related 
lineage. The fact that vaccinated individuals may still be 
infected with this subvariant highlights the possibility of 
antigenic drift. Specific amino acid variations, such as 
those found in the RBM, can affect the binding affinity for 
human ACE2, potentially leading to immune escape and 
inflammation. Although Omicron infections may be less 
severe than Delta infections, the rapid increase in cases 
could still strain healthcare systems. Continuous surveil-
lance and assessment are crucial to effectively respond to 
the Omicron subvariant and any future emerging variants. 
This could include monitoring the subvariant's spread and 
impact, evaluating current vaccines' effectiveness, and 
developing new vaccines if necessary. Overall, it is essen-
tial to remain vigilant and take appropriate measures to 
contain the spread of the virus and mitigate its impact on 
public health.
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