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Abstract 
Introduction: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants that emerged shortly after the coronavirus disease 
2019 (COVID-19) pandemic began have altered epidemiological and clinical findings; and these variants changed the course of this health 
crisis. 
Methodology: Whole-genome sequencing was performed on SARS-CoV-2 strains isolated from 21 patients with COVID-19. The frequency 
of structural changes in the virus and their effects on clinical findings of the disease were analyzed. 
Results: The spike Q493R mutation was detected more frequently in patients who had received four or more doses of a COVID-19 vaccine (p 
= 0.043). The clinical effect of the spike R346K and A263T mutations (reported in Türkiye for the first time) detected in a patient who had 
received four doses of the vaccine in the 3 months prior to being infected with COVID-19 could be related to escape from the antibody response. 
The spike R21T mutation may increase the virus’s entry into intestinal cells; and, as a result it may be responsible for severe clinical course 
and gastrointestinal symptoms. The patient infected with the Omicron BA.2 subvariant with the spike L452M mutation exhibited a significant 
increase in inflammatory parameters; suggesting that this mutation may trigger an excessive immune response and hyperinflammation. 
Conclusions: This is the first study based in Türkiye that evaluated the clinical impact of variations in the sequences of SARS-CoV-2 variants. 
There is a need for further investigation into the clinical impact of these results in a larger population spread over more centers, and more 
sequencing studies. 
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Introduction 

Since its initial detection in Wuhan, China, severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has undergone several genetic modifications that 
resulted in new variants over time. The rise of these new 
variants has altered epidemiological and clinical 
findings, thus changing the course of the coronavirus 
disease 2019 (COVID-19) pandemic. The emergence of 
these variants has also impacted COVID-19 vaccination 
and treatment strategies [1]. Five lineages of SARS-
CoV-2 have been considered variants of concern 
(VOC) by the World Health Organization (WHO): 
Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta 
(B.1.617.2), and Omicron (B.1.1.529). Omicron is 
currently the only circulating VOC. More recently, 
Omicron subvariants and sublineages—BQ.1, BQ.1.1, 
BA.4.6, BF.7, BA.2.75.2, XBB.1, and BF.7—have 
been identified and have attracted global attention [2]. 
According to the statistics released by the European 
Centre for Disease Prevention and Control, the 

estimated distribution of the VOCs from 25 September 
to 8 October 2023 were: 66% (59%–72%) for XBB.1.5 
+ F456L, 28% (20%–34%) for XBB.1.5, and 2% (1%–
3%) for BA.2.75.  

Analysis of the whole-genome sequences of SARS-
CoV-2 isolates allows scientists to identify new variants 
and mutations [3]. According to the WHO 2021 report, 
determining changes in the RNA sequence contributes 
to understanding factors such as the evolution, spread, 
and infectivity of SARS-CoV-2; clinical findings 
related to COVID-19; and the effectiveness of vaccines. 
This information is highly relevant to control the 
COVID-19 pandemic. The spread of the SARS-CoV-2 
variants can be monitored by comparing viral genomes 
and constructing molecular phylogenetic trees at the 
national and global levels [4]. This study analyzed the 
whole-genome sequences of SARS-CoV-2 samples 
collected at various time points to investigate how 
changes in variants and mutations alter clinical 
findings. 
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Methodology 
General data 

This prospective clinical study was performed 
between January and November 2022. A total of 21 
patients who applied to the Pamukkale University 
Department of Infectious Diseases and Clinical 
Microbiology Clinic were included. The inclusion 
criteria were: (1) SARS-CoV-2 nucleic acid was 
detected by real-time fluorescent reverse-transcription 
polymerase chain reaction (RT-PCR, Rotor Gene Q, 
Qiagen, Germantown, USA); (2) age ≥ 18 years; (3) 
provided informed consent to participate in the study; 
and (4) the disease manifestation met the diagnostic 
criteria of the ‘Diagnosis and Treatment Protocol for 
Coronavirus Disease’ [5] and the WHO criteria [6] .  

Individuals who were prioritized for the sequencing 
of SARS-CoV-2, included those who had received the 
COVID-19 vaccine within the last 3 months but were 
infected by SARS-CoV-2, had prolonged RT-PCR 
positivity (> 4 weeks), a history of recurrent COVID-
19, and immunocompromised individuals.  

The exclusion criteria were: (1) age < 18 years; (2) 
pregnant women; and (3) patients with unknown 
COVID-19 vaccination status.  

The general clinical data and test results of 
laboratory indexes of the patients were collected. 

 
Laboratory tests 

Throat or nose swab samples were collected for RT-
PCR (Rotor Gene Q, Qiagen, Germantown, USA). The 
threshold cycle (Ct) of the ORF and N genes of SARS-
CoV-2 were detected according to the manufacturer’s 
instructions. Serum samples were collected from 
patients who had received ≥ 4 doses of vaccine to 
determine the spike IgG class antibody titers during 
COVID-19 infection; a value ≥ 50 AU/mL was 
interpreted as positive for the anti-SARS-CoV-2 IgG 
antibody. 

The SARS-CoV-2 sequences were analyzed based 
on the Global Initiative on Sharing All Influenza Data 
(GISAID) [7] to determine the molecular relationships 
and evolution of the whole-genome sequences of the 21 
SARS-CoV-2 isolates. The phylogenetic tree, mutation 
frequency graph, and three-dimensional (3D) views of 

the spike protein for the whole-genome sequences were 
created by using the GISAID website. The frequencies 
of the identified mutations, both globally and in 
Türkiye, were obtained from the GISAID data [7].  

 
Statistical analysis 

The data were analyzed using SPSS Statistics 17.0 
(SPSS Inc., Chicago, IL, USA). Continuous variables 
were presented as the mean ± standard deviation, and 
categorical variables were presented as a number and 
percentage. In the case of continuous variables, the data 
were assessed to determine whether it met the 
assumptions for parametric testing; when it did not, the 
Mann–Whitney U test was employed. Correlations 
were assessed using Spearman or Pearson correlation 
analyses for parametric and non-parametric data, 
respectively. The categorical variables were assessed 
using the Chi-squared test. A p value below 0.05 was 
deemed statistically significant  

 
Ethical considerations 

This study was conducted in compliance with the 
Declaration of Helsinki and was approved by the 
Pamukkale University Ethics Committee (Ethics No. 
60116787-020/56297). 

 
Results 

A total of 21 patients who were diagnosed with 
COVID-19 between January and November 2022 were 
included in the study. The whole-genome sequences of 
their SARS-CoV-2 isolates were obtained. The samples 
were collected at the following times: 7 (33.3%) in 
February–March, 8 (38%) in April–May, 4 (19%) in 

Table 1. Demographic characteristics of the patients. 
Demographic data (n, %) 
Gender (male/female) 13/8 (61.9/38.1) 
Age (mean, min–max) years 65.3 ± 20.7 (26–97) 
18–70 years old 8 (38.1) 
≥ 70 years old 13 (61.9) 
Inpatients 18 (85.7) 
Outpatients 3 (14.3) 

 

Table 2. Coronavirus disease 2019 (COVID-19) vaccination status 
of the patients. 

Case no. Vaccination status 
1 2 Sinovac-CoronaVac 
2 2 Sinovac-CoronaVac 
3 2 Sinovac-CoronaVac 2 Pfizer-BioNTech BNT162b2 
4 2 Sinovac-CoronaVac 2 Pfizer-BioNTech BNT162b2 
5 3 Sinovac-CoronaVac 1 Pfizer-BioNTech BNT162b2 
6 2 Sinovac-CoronaVac 2 Pfizer-BioNTech BNT162b2 
7 2 Sinovac-CoronaVac 3 Pfizer-BioNTech BNT162b2 
8 2 Sinovac-CoronaVac 1 Pfizer-BioNTech BNT162b2 
9 4 Sinovac-CoronaVac 

10 4 Sinovac-CoronaVac 
11 4 Sinovac-CoronaVac 
12 2 Sinovac-CoronaVac 2 Pfizer-BioNTech BNT162b2 
13 Unvaccinated 
14 2 Sinovac-CoronaVac 2 Pfizer-BioNTech BNT162b2 
15 3 Pfizer-BioNTech BNT162b2 
16 4 Sinovac-CoronaVac 
17 2 Sinovac-CoronaVac 2 Pfizer-BioNTech BNT162b2 
18 3 Sinovac-CoronaVac 
19 4 Sinovac-CoronaVac 
20 4 Sinovac-CoronaVac 1 Pfizer-BioNTech BNT162b2 
21 Unvaccinated 
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June–July, and 2 (9.5%) in October. Of the 21 patients 
included in the study, 13 (61.9%) were men. The mean 
age was 65.3 ± 20.7 (range 26–97) years. Eight (38%) 
patients were 18–70 years old, while 13 (62%) patients 
were ≥ 70 years old. In total, 18 (85.7%) patients were 
followed and treated in hospital wards or intensive care 
units, while 3 (14.3%) patients were followed as 
outpatients. Table 1 presents the demographic data of 
the patients, and Table 2 summarizes the vaccination 
histories.  

Patients were considered to be fully vaccinated if 
they had received at least 2 doses of Sinovac-
CoronaVac® and at least 2 doses of Pfizer-BioNTech 
BNT162b2®, for a minimum of 4 total doses. As shown 
in Table 3, 6 (28.5%) patients who had developed an 
antibody response were compared with other patients in 
terms of the clinical condition. The patients who had 
received at least 4 doses of the vaccine and had 
developed an antibody response, exhibited a milder 
clinical course compared with those who had not 
developed an antibody response in terms of 
development of severe to moderate illness (p = 0.031). 
Furthermore, the duration of PCR positivity was shorter 
(median = 6 and 26.9 days, in patients with ≥ 4 vaccine 
doses who developed antibodies, and in those without 
antibody response, respectively, p = 0.04) in this patient 
group. There were no differences in terms of the 
presenting symptoms, demographic data, mortality, 

mutation, and variant analysis.  
Six patients (28.6%) exhibited mild clinical 

symptoms, 7 (33.3%) had moderate clinical symptoms, 
and 8 (38.1%) presented with severe symptoms (Table 
4). Two patients had previously been infected with 
COVID-19 once. Six (28.5%) patients died due to 
COVID-19. 

The patients with prolonged RT-PCR positivity (> 
4 weeks) had a higher incidence of malignancy (p = 
0.016) and a history of lymphoma (p = 0.006), 
compared to other patients. The patients with prolonged 
PCR positivity were more likely to be in the moderate 
to severe disease group. There was no significant 
difference in the frequency of mutations between 
patients with severe or mild clinical courses. Eight 
patients within the study cohort had received ≥ 4 
vaccine doses and were subsequently diagnosed with 
COVID-19, 7 patients required intensive care 
monitoring despite receiving ≥ 2 vaccine doses, 6 
patients had COVID-19 RT-PCR positivity persisting 
for > 4 weeks, and 9 patients had additional 
comorbidities that could lead to immunosuppression (7 
patients had malignancy, 1 patient had human 
immunodeficiency virus [HIV], 1 patient was an organ 
transplant recipient, and 1 patient had systemic lupus 
erythematosus [SLE]). 

Sequencing of the 21 samples yielded a total of 
20,570,027 read pairs to generate the SARS-CoV-2 

Table 3. Clinical progression of fully vaccinated and other patients. 
Vaccination with ≥ 4 doses Mild cases (n, %) Severe and moderate Cases (n, %) p value 

Yes 4 (66.7%) 2 (13.3%) p = 0.031 No 2 (33.3%) 13 (86.7%) 
 

Table 4. Demographic and clinical data of the patients with rare mutations. 
Case no. Gender Age 

(years) Comorbidities Clinic Novel mutations Survival status 

1 Male 73 Lymphoma, HIV Moderate – Deceased 
2 Male 54 Lymphoma Severe – Deceased 
3 Female 79 CAD Mild – Survivor 
4 Male 73 Bladder cancer, DM, CKD, obesity Severe – Survivor 
5 Male 75 DM Moderate – Survivor 
6 Male 78 DM, CAD, CKD Mild – Survivor 
7 Female 30 – Mild Spike A263T Survivor 
8 Male 76 Lymphoma Severe – Deceased 
9 Male 75 DM, CKD, lymphoma Moderate – Survivor 

10 Male 89 HT Moderate NSP2 L18I Survivor 
11 Female 66 HT, CAD, COPD, CKD, obesity Severe – Deceased 
12 Male 85 DM, HT, prostate cancer, CKD Moderate NSP2 V599I Survivor 
13 Female 97 HT Moderate NSP14 V40I Survivor 
14 Male 32 – Mild – Survivor 
15 Male 50 HT Mild – Survivor 
16 Male 70 DM, CAD Severe – Deceased 
17 Female 26 – Mild – Survivor 
18 Male 70 CAD, lymphoma Moderate NSP2 F156L Survivor 
19 Female 80 DM, HT Severe – Survivor 
20 Female 67 HT, CAD, obesity Severe – Deceased 
21 Female 28 SLE Severe – Survivor 

CAD: coronary artery disease; CKD: chronic kidney disease; COPD; chronic obstructive pulmonary disease; DM: diabetes mellitus; HIV: human 
immunodeficiency virus; HT: hypertension; SLE: systemic lupus erythematosus. 
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genomes (with > 96% coverage). The Omicron BA.2 
subvariant was detected in 12 patients, the Omicron 
BA.1 subvariant in 4 patients, the Omicron BA.5 
subvariant in 4 patients, and the Delta variant in 1 
patient. 

Among the 12 patients with the BA.2 subvariant, 9 
had BA.2.0, 1 had BA.2.1, 1 had BA.2.12, and 1 had 
BA.2.19. Among the 4 patients with the BA.1 
subvariant, 2 had BA.1.1, 1 had BA.1.14, and 1 had 
BA.1.18. The 4 patients with the BA.5 subvariant 
included 2 with BA.5.6, 1 with BA.5.2, and 1 with 
BE.1.1. The patient with the Delta variant had the 
AY.121 genome sequence (Table 5). 

The mutations that were detected in all the isolates 
included: c.1841A>G (D614G), c.425G>A (G142D), 
c.9764C>T NSP4 (T492I), and c.14144C>T (NSP12 
P323L). Additionally, there were a total of 13 spike 
mutations, 1 M mutation, and 66 N mutations; each 
observed only once. The majority of these variants were 
in the surface glycoprotein and ORF1ab regions. 
Correlation analysis between the detected mutations 
and the frequencies of these mutations in sequences 
from throughout the world revealed a strong positive 
correlation (r (163) = 0.81, p < 0.001). Cases with the 
BA.1, BA.2, Delta, and BA.5 subvariants were 
analyzed for mutations that were specific to that variant 
or mutations that had been rarely found in that variant 
(Table 4). 

The genomes of the Omicron BA.1 subvariant 
isolated from the 4 patients were identical, aside from 
the spike A263T mutation detected in 1 patient and the 
spike R346K mutation detected in 2 other patients. The 

spike A67V, del211, and ins214EPE mutations were 
found in these Omicron BA.1 isolates; and were not 
present in the other isolates. Two of these patients 
experienced a severe clinical course, with PCR 
positivity reported for > 4 weeks (33 and 45 days); 
unfortunately, both the patients died. These patients 
were 73 and 76 years old, and both had a history of 
lymphoma. One of the patients was also being 
monitored for acquired immune deficiency syndrome 
(AIDS) and had a history of receiving 2 doses of 
Sinovac-CoronaVac®. The other patient had received 3 
doses of Sinovac-CoronaVac®. Distinctively, the 
SARS-CoV-2 isolates from these two patients carried 
the spike R346K mutation. 

The other 2 patients with the Omicron BA.1 
subvariant—aged 30 and 78 years—had a mild clinical 
course. The younger patient had no known underlying 
chronic conditions and was managed on an outpatient 
basis. This individual had received 2 doses of the 
Sinovac-CoronaVac® and 3 doses of the Pfizer-
BioNTech BNT162b2®, and had a high antibody titer 
(30,024 AU/mL). Notably, the isolate from this patient 
carried a rare (present in only 0.01% of all samples with 
spike sequences) spike A263T mutation, which had not 
been previously reported in Türkiye. 

As mentioned earlier, 12 patients were infected by 
the Omicron BA.2 subvariant. Among these patients, 2 
had a mild clinical course, 6 had a moderate clinical 
course, and 4 had a severe clinical course. Two of the 
patients with severe clinical course died. One of these 
cases had a rare spike R21T mutation (present in only 
0.07% of all samples with spike sequences), which had 

Table 5. Analysis of demographic characteristics of the patients and the variants of the infecting severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). 

Case no. Gender Age 
(years) Variant Subvariant Duration of PCR 

Positivity (days) Detection period 

1 Male 73 Omicron (BA.1-like) BA.1.14 33 February 2022 
2 Male 54 Delta (B.1.617.2-like) AY.121 64 February 2022 
3 Female 79 Omicron (BA.2-like) BA.2.12 – February 2022 
4 Male 73 Omicron (BA.2-like) BA.2 15 March 2022 
5 Male 75 Omicron (BA.2-like) BA.2 – March 2022 
6 Male 78 Omicron (BA.1-like) BA.1.18 – February 2022 
7 Female 30 Omicron (BA.1-like) BA.1.1 – March 2022 
8 Male 76 Omicron (BA.1-like) BA.1.1 45 April 2022 
9 Male 75 Omicron (BA.2-like) BA.2 134 April 2022 

10 Male 89 Omicron (BA.2-like) BA.2 – April 2022 
11 Female 66 Omicron (BA.2-like) BA.2.9 – April 2022 
12 Male 85 Omicron (BA.2-like) BA.2 11 April 2022 
13 Female 97 Omicron (BA.2-like) BA.2 29 April 2022 
14 Male 32 Omicron (BA.5-like) BE.1.1 – July 2022 
15 Male 50 Omicron (BA.5-like) BA.5.2 – June 2022 
16 Male 70 Omicron (BA.2-like) BA.2 – June 2022 
17 Female 26 Omicron (BA.2-like) BA.2 – May2022 
18 Male 70 Omicron (BA.2-like) BA.2.1 93 June 2022 
19 Female 80 Omicron (BA.2-like) BA.2 – May 2022 
20 Female 67 Omicron (BA.5-like) BA.5.6 14 October 2022 
21 Female 28 Omicron (BA.5-like) BA.5.6 15 October 2022 
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previously been reported only once in Türkiye. In 
addition, the patient who died had another rare 
mutation, spike L452M, which had been reported only 
twice in Türkiye [7]. This mutation was present in only 
0.21% of all samples with spike sequences. The patient 
had received 3 doses of Sinovac-CoronaVac® and 1 
dose of Pfizer-BioNTech BNT162b2®. 

Two out of the 4 patients infected by the Omicron 
BA.5 subvariant exhibited a mild clinical course, while 
the other 2 experienced a severe clinical presentation. 
Both patients with severe clinical symptoms were 
undergoing immunosuppressive treatment due to 
rheumatic diseases. These patients were infected by 
Omicron BA.5.6. The first patient was a 28-year-old 
individual with chronic renal failure due to SLE, 
requiring hemodialysis. This patient had no history of 
vaccination against COVID-19 and exhibited extensive 
lung involvement. The second patient was a 67-year-old 
woman who had received 3 doses of Sinovac-
CoronaVac® and 2 doses of Pfizer-BioNTech 
BNT162b2®. Despite vaccination, she experienced a 
severe clinical course that ultimately led to her death. 
Both the patients were infected by Omicron BA.5.6 
with the same rare mutations: NSP13 A389V (0.33% of 
all samples with the NSP13 sequence), NSP14 M315I 
(0.13% of all samples with the NSP14 sequence), and 
NSP16 T140I (0.50% of all samples with the NSP16 
sequence).  

 
Discussion 

In this study, the patients were infected by the 
predominant SARS-CoV-2 variants at the time when 
the samples were collected. The dominant Delta variant 
was replaced by the Omicron BA.1 and BA.2 
subvariants in February–March 2022. The samples 
taken at this time yielded the Delta variant from 1 
patient, the BA.1 subvariant from 3 patients, and the 
BA.2 subvariant from 3 patients. The Omicron BA.2 
variant dominated globally between April and June 
2022, while the Omicron BA.5 subvariant was observed 
in June and July 2022. As a result, 9 of the 10 samples 
collected from April to June 2022 were the BA.2 
subvariant (and the other sample was the BA.1 
subvariant), while the BA.5 subvariant was detected in 
the 2 samples taken at the end of June and the beginning 
of July. The Omicron BA.5 and its subvariants 
dominated throughout the world in October 2022 with 
a rate of 77.1% [8]; and the Omicron BA.5 subvariant 
was detected in both samples collected at this time. 

Individuals who were fully vaccinated (i.e., they 
had received at least 4 doses of vaccine) and developed 
an antibody response after vaccination tended to have a 

milder clinical course of the disease and a shorter 
duration of RT-PCR positivity. Similarly, in a study in 
the United Kingdom that involved 1,610 healthcare 
workers who received the Pfizer-BioNTech 
BNT162b2® vaccine, the duration of PCR positivity 
was shorter in vaccinated individuals compared with 
the control group. Vaccinated individuals also 
experienced milder symptoms and had a lower 
hospitalization rate [9]. Another study reported that 
vaccination reduced asymptomatic infections, 
decreased transmissibility, and led to a shorter duration 
of nucleic acid amplification test (NAAT) positivity 
[10]. Significant progress has been made in the fight 
against COVID-19 through vaccines and antibody 
therapies. However, in order to monitor the ability of 
the variants to escape vaccine-induced immunity, it is 
necessary to track neutralizing antibody titers in 
patients with asymptomatic and symptomatic infections 
after vaccination, and to perform viral RNA sequencing 
studies [11].  

Patients with prolonged PCR positivity (> 4 weeks) 
were compared with other patients. This group had a 
higher incidence of malignancies and a history of 
lymphoma. Patients with a longer duration of PCR 
positivity were more likely to be in the moderate to 
severe illness group. Chemotherapeutic agents used to 
treat malignancies, corticosteroids, and the immune 
dysregulation caused by the disease itself can disrupt 
the immune response against COVID-19, leading to 
prolonged viral shedding [12,13]. It is important to 
emphasize compliance with infection control measures 
and isolation periods for these patients due to the risk of 
prolonged infectivity and the emergence of strains 
capable of evading immune responses. Similarly, some 
authors suggest that prolonged shedding may be an 
indicator of severe illness and could impact prognosis 
[14]. 

It is critical to understand the role of 
immunosuppression in the mutation of SARS-CoV-2 to 
gain insights into how individuals with suppressed 
immune systems handle the infection. Many studies 
have suggested that multi-mutational SARS-CoV-2 
variants can emerge from persistent COVID-19 cases 
and that multi-step evolutionary leaps can occur in the 
context of partial immune control [15–17]. In this study, 
priority was given to include immunosuppressed 
patients because these patients could serve as a 
reservoir for genetic changes. 

The most common mutations in the patient cohort 
were spike D614G, spike G142D, NSP4 T492I, and 
NSP12 P323L; which were present in all patients. 
According to the GISAID 2023 [7] data, the spike 
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D614G and NSP12 P232L mutations are the most 
prevalent mutations throughout the world, with 
percentages of 99.2% and 97.2%, respectively, 
consistent with the results of the present study. A 2022 
global study on the frequency of mutations reported that 
the most detected spike mutation in Asia, Africa, the 
Americas, and overall, was D614G [18]. 

Among the patients infected by the Omicron BA.1 
subvariant, 2 died, and the other 2 cases exhibited 
changes in their clinical presentation even though they 
had received 4 doses of vaccine within the last 3 
months. These BA.1 isolates specifically carried the 
spike A67V, del211, and ins214EPE mutations, which 
cause structural changes in the spike protein [19]. The 
spike A67V mutation works in conjunction with the 
H69-V70 deletion, altering the antigenic region and 
affecting viral infectivity [20,21]. Additionally, 
ins214EPE, in combination with Y145D, is associated 
with a 7-fold increase in resistance to antibodies. The 
A67V mutation has also been linked to a decrease in 
serum neutralization following recovery and 
vaccination [22]. In this study, these three mutations 
were associated with increased viral infectivity in 
patients and resistance to the immune responses. 

The Omicron BA.1 subvariant was isolated in a 
patient with a mild clinical course. This isolate also 
carried another rare mutation, namely spike A263T. 
This rare mutation has only been reported 1,163 times 
throughout the world, and accounts for 0.01% of all 
samples with the spike sequence. According to COVID-
19 data from the GISAID [7], there have been no 
previous reports of this mutation from Türkiye or 
neighboring countries. There is no available literature 
regarding the clinical effects of this mutation. The 
single patient infected by Omicron BA.1 carrying this 
mutation was a 30-year-old woman, with no 
comorbidities, who experienced a mild clinical course, 
and was managed on an outpatient basis. The patient 
had received 2 doses of Sinovac-CoronaVac® and 3 
doses of Pfizer-BioNTech BNT162b2®, one month 
prior to testing and had a high antibody level (30,024 
AU/mL). The unique features of this case—the patient 
was young and had no comorbidities, and the spike 
A263T mutation is rare—raises the possibility that its 
clinical impact may be more related to antibody escape 
rather than infectivity and transmissibility. 

The rare spike R21T mutation was identified in a 
patient infected by the Omicron BA.2 subvariant who 
experienced a severe clinical course with widespread 
lung involvement and gastrointestinal symptoms 
following COVID-19 infection and 4 doses of Sinovac-
CoronaVac®. This mutation was associated with a fatal 

outcome. According to the WHO May 2021 COVID-19 
Weekly Epidemiological Update [23], the spike R21T 
mutation, which accompanied the B.1.617.1 (Kappa 
variant), increases the virus’s ability to enter human and 
intestinal cells, and it shows resistance to the 
monoclonal antibody Bamlanivimab. These findings 
are consistent with the present study. 

There was a distinct spike L452M mutation in 
another patient infected by the Omicron BA.2 
subvariant. This patient had diabetes mellitus and 
coronary artery disease. The patient died following a 
hyperinflammatory clinical course (with an IL-6 level 
of 1355 AU/mL) and unresponsiveness to an IL-1 
receptor antagonist (Anakinra). Studies have indicated 
that the spike L452M mutation enhances the binding 
affinity between angiotensin-converting enzyme 2 
(ACE2) and the receptor binding domain (RBD), and 
can adversely affect the efficacy of spike glycoprotein–
based vaccines against SARS-CoV-2 [24]. The L452M 
mutation can potentially lead to immune evasion and 
enhanced virus–cell binding, contributing to increased 
infectivity and/or pathogenicity of SARS-CoV-2 and 
hyperinflammation. 

A 28-year-old woman with a severe clinical course 
and acute respiratory distress syndrome (ARDS)-like 
lung involvement was infected by the Omicron BA.5 
subvariant. She presented a hyperinflammatory profile 
(with an IL-6 level of 125 AU/mL). She had not been 
vaccinated and was receiving hemodialysis support due 
to chronic renal failure associated with SLE. The isolate 
carried the NSP13 A389V, NSP14 M315I, and NSP16 
T140I mutations, which were not observed in the other 
patients. There are no clinical data available regarding 
these mutations. However, studies suggest that the 
NSP13, NSP14, and NSP15 proteins are among the 
most potent viral interferon antagonists during the early 
infection period of SARS-CoV-2 [25]. These mutations 
effectively suppress early interferon production and 
subsequently contribute to exaggerated inflammatory 
responses and severe lung immunopathology due to 
delayed interferon signaling [26]. The patient’s 
comorbidities—chronic kidney disease and SLE—and 
unvaccinated status likely led to hyperinflammation and 
ARDS-like lung involvement due to this subvariant. 

 
Conclusions 

The COVID-19 pandemic continues to impact the 
global population, and the emergence of new viral 
variants remains inevitable. Recently, EG.5 (Eris) has 
become the dominant SARS-CoV-2 variant throughout 
the world. EG.5 has an additional spike F456L mutation 
compared to the other subvariants. Preliminary 
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evidence suggests that this might help EG.5 evade 
neutralization by antibodies in body fluids.  

Whole-genome sequencing plays a crucial role. It 
helps to determine the virus’s infectivity, disease-
related symptoms, and the effectiveness of COVID-19 
vaccines; and to identify regional epidemiological 
variations and sources. Considering the protein 
alterations identified in this study and their potential 
implications for immune evasion and effects on host 
messenger RNA (mRNA), the development of vaccines 
and drugs targeting these proteins could hold promise 
for the control of COVID-19.  
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