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Background: Sore throat is a prevalent symptom of coronavirus disease 2019 (COVID-19), particularly 
when caused by the Omicron variants. However, the association between sore throat and immune responses 
to different severe acute respiratory syndrome coronavirus 2 variants remains unclear. This study aimed to 
elucidate the characteristics of immune responses associated with sore throat in patients with COVID-19 
before and after the emergence of Omicron.
Methods: In this prospective observational study, we enrolled patients with COVID-19 hospitalized 
between December 2020 and April 2022, which covered the pre-Omicron and Omicron (BA.1 variant) 
endemic periods. Sore throat was assessed using a daily questionnaire, including an analog scale for sore 
throat grade (0 to 3) from admission until discharge. Serum levels of immune indicators were assessed using 
enzyme-linked immunosorbent assay.
Results: A total of 47 patients infected with Omicron and 136 patients infected with preceding variants 
were included in the analyses. The frequency of sore throat was significantly higher in participants infected 
with Omicron than that in those infected with preceding variants (66% vs. 42%, P<0.005). Sore throat was 
associated with nasopharyngeal viral load, interleukin-6 (IL-6)/interferon-α (IFN-α) levels in participants 
infected with preceding variants, whereas, it was associated with age, the body mass index, and interferon-λ1 
(IFN-λ1) in participants infected with Omicron. 
Conclusions: Infection with the Omicron variant is characterized by increased sore throat frequency and 
altered associations between sore throat and several immune indicators, including IFN-α, IL-6, and IFN-λ1.
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Introduction

The highly transmissible coronavirus disease 2019 
(COVID-19) caused by the severe acute respiratory 
syndrome coronav i rus  2  (SARS-CoV-2)  became 
intermittently endemic worldwide after the emergence of 
the Omicron variant in late 2021 (1). Despite its higher 
transmissibility even in individuals who have received a 
vaccine against SARS-CoV-2 (2), the Omicron variant is less 
virulent than its preceding variants in terms of the rate of 
hospitalization, incidence of lower respiratory tract invasion, 
severe disease, and mortality (3,4). Recent large-scale 
epidemiological studies have reported that variants have 
different symptom profiles; for instance, a higher prevalence 
(60–70%) of sore throat (5-8) and a lower prevalence of 
smell or taste alteration are observed in Omicron infection 
(7-11). These differences are partly attributed to intrinsic 
viral factors, as suggested by the inefficient replication of 
Omicron in human alveolar organoids and ex vivo-infected 
lung tissues (12), as well as by its increased resistance to 
innate immune defenses, including type I interferons (IFNs) 
(13,14). However, the relationship between a variety of 

clinical symptoms and immune responses against emerging 
SARS-CoV-2 variants has not been fully elucidated.

Previously, we assessed the association between initial 
immune responses and development of pneumonia or 
hypoxic respiratory failure due to SARS-CoV-2 infection 
before and after the emergence of Omicron variants (15,16). 
We focused on the serum levels of the representative 
innate immune indexes as follows; IFN-α (type I IFNs), 
interleukin-6 (IL-6), C-X-C motif chemokine ligand 10 
(CXCL10), vascular endothelial growth factor (VEGF), 
IFN-λ1, and IFN-λ3 (17-20). Moreover, we also assessed 
serum-neutralizing activity, which reflects humoral 
immune responses against SARS-CoV-2 infection and 
is used as an indicator of vaccine efficacy (21,22). We 
found that SARS-CoV-2 infection due to Omicron was 
associated with a decreased incidence of pneumonia and 
had a weaker correlation between serum IFN-α levels and 
extent of pulmonary lesions [computed tomography (CT) 
severity scores], compared to those due to the precedent  
variants (16). Using these data, we aimed to elucidate the 
association between sore throat, a prevalent COVID-19 
symptom, and immune responses in the early phase of 
SARS-CoV-2 infection before and after the emergence of 
Omicron variants.

In this study, we aimed to quantify the associations 
between immune biomarkers and the presence or intensity of 
sore throat during the early phase of SARS-CoV-2 infection, 
and how these associations differ between the Omicron and 
precedent variants. We present this article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-24-36/rc).

Methods

Study design

This study was conducted as part of the Toyama University 
COVID-19 Cohort Study, an investigator-initiated 
prospective single-center observational study with non-
probability sampling (15,16). The study period was between 
December 2020 to April 2022, which consisted of four 
major waves of the pandemic in Japan: the third (December 
2020 to January 2021); fourth, mainly attributed to the 
Alpha variant (April–June 2021); fifth, mainly attributed 

Highlight box

Key findings
•	 Coronavirus disease 2019 (COVID-19) caused by the Omicron 

variant is characterized by an increase in sore throat frequency 
and altered associations between sore throat and several immune 
indicators, including interferon (IFN)-α, interleukin-6, and 
IFN-λ1.

What is known and what is new? 
•	 Omicron variant has a different symptom profile and is associated 

with a high prevalence of sore throat and low prevalence of smell 
or taste alteration compared to those observed in infections with its 
preceding variants.

•	 This study elucidated that in patients with COVID-19 having sore 
throat, early immune responses differ depending on the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variant.

What is the implication, and what should change now? 
•	 More studies that focusing on the association between a variety of 

clinical symptoms and immune responses against emerging SARS-
CoV-2 variants are necessary to understand pathophysiology of 
each pandemic or endemic spread of COVID-19.

87

Submitted Feb 22, 2024. Accepted for publication Jun 23, 2024. Published online Sep 19, 2024.

doi: 10.21037/atm-24-36

View this article at: https://dx.doi.org/10.21037/atm-24-36

https://atm.amegroups.com/article/view/10.21037/atm-24-36/rc
https://atm.amegroups.com/article/view/10.21037/atm-24-36/rc


Annals of Translational Medicine, Vol 12, No 5 October 2024 Page 3 of 12

© AME Publishing Company.   Ann Transl Med 2024;12(5):87 | https://dx.doi.org/10.21037/atm-24-36

to the Delta variant (July–October 2021); and sixth waves, 
mainly attributed to the Omicron BA.1 variant (January–
April 2022). The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013), which 
was approved by the Ethical Review Board of the Toyama 
University Hospital (No. R2019167). Written informed 
consent was obtained from all the patients.

Diagnosis of COVID-19 in each participant was based on 
the findings of reverse transcription quantitative polymerase 
chain reaction (RT-qPCR) assays. Nasopharyngeal samples 
were collected for RT-qPCR, and chest CT was performed 
upon hospital admission. Serum samples were stored at  
−80 °C following each laboratory examination. 

Participants and study protocol

Participants aged 18 years or older, who were admitted 
in our hospital during the study period and whose blood 

samples were collected within five days after symptom 
onset, were included in this study. Those who had received 
any treatment against SARS-CoV-2 before blood sampling 
or participated in another clinical trial were excluded.

The first monovalent mRNA vaccine against SARS-
CoV-2 wild-type (WT), which has less efficacy against the 
Omicron variant, became widely available during the fifth 
wave in Japan. Only few inpatients were vaccinated until 
the fifth wave, whereas numerous inpatients got vaccinated 
twice before admission during the sixth wave. Therefore, 
we included the following participants for further analysis 
(Figure 1): those who did not receive the vaccine during the 
third, fourth, and fifth waves and those who received the 
BNT162b2 or mRNA-1273 vaccine twice at least two weeks 
before admission during the sixth wave. We also analyzed 
the levels of immune indicators in unvaccinated participants 
infected with the Omicron variant; however, the results 
were not shown as the main findings of this study due to the 

Figure 1 Flow chart illustrating the distribution of participants with SARS-CoV-2 variants. (A) Delta and precedent SARS-CoV-2 variants 
(patients who had not received vaccine). (B) Omicron BA.1. PCR, polymerase chain reaction; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2.
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small sample size.
Data on participant demographics, comorbidities, clinical 

presentation, laboratory findings, therapy regimen, and 
prognosis were collected from medical charts.

During the study period, participants were given a daily 
questionnaire on the presence of symptoms related to 
COVID-19, including fatigue, sore throat, headache, smell 
or taste alteration, joint/muscle pain, and diarrhea. Sore 
throat was assessed from admission until discharge using an 
analog scale (0= no pain, 1= throat irritation, 2= throat pain, 
3= severe pain with difficulties in swallowing). The duration 
of sore throat was defined as the initiation of sore throat (at 
least from grade 1) to absolute resolution (grade 0). Clinical 
information was followed until discharge.

Two experienced pulmonary radiologists (K.N. and 
Y.Y.) reviewed the previous chest CT scans. When a newly 
developed inflammatory lesion was detected in the chest 
CT performed upon admission, COVID-19 pneumonia 
was confirmed, and further categorized according to the 
Fleischner Society Glossary of Terms for Thoracic Imaging 
(23-25). Hypoxemia requiring oxygen therapy was defined 
as a blood oxygen saturation (SpO2) level of ≤93% at rest/
motion in room air, as defined previously (26). The degree 
of severity of COVID-19 was defined as follows: mild 
(symptomatic patients without pneumonia), moderate 
(patients having pneumonia but not requiring oxygen 
supplementation), severe (patients having pneumonia and 
requiring oxygen supplementation).

Cytokine and chemokine measurement

Serum cytokines and chemokines [IFN-α, CXCL10, IL-6,  
VEGF, IFN-λ1 (IL-29), and IFN-λ3 (IL-28B)] were 
measured using commercially available enzyme-linked 
immunosorbent assay (ELISA) kits, according to the 
manufacturers’ instructions (Table S1). Each sample was 
measured using a first saw. The analyte signal was set to 
zero, in case it fell below the background signal. If the signal 
was detectable but below the manufacturer’s lower limit of 
quantification, it was set to the lower limit of detection.

RT-qPCR

RT-qPCR was performed as previously described (27).  
Quant i f icat ion qual i ty  was  control led  us ing the 
AcroMetrix COVID-19 RNA Control (Thermo Fisher 
Scientific, Waltham, MA, USA). The detection limit was 
approximately 0.4 copies/μL. Viremia (RNAemia) was 

determined when SARS-CoV-2 was detected in the blood 
serum specimens.

The presence of N501Y/L452R mutation on SARS-
CoV-2 was investigated with the screening PCR tests using 
Primer/Probe N501Y (Takara Bio Inc., Shiga, Japan) or 
Primer/Probe L452R Ver.2 (Takara Bio Inc.), which were 
conducted as administrative tests at Toyama Institution of 
Health (Toyama, Japan) during the fourth and fifth waves. 
Omicron BA.1 mutation was confirmed via multiplex real-
time one-step RT-PCR assays using Primer/Probe L452R 
Ver.2 and Primer/Probe G339D (Takara Bio Inc.), which 
were conducted at Toyama University. In cases where the 
G339D mutation was detected but L452R was not, the 
variant was identified as Omicron BA.1, in agreement 
with the local epidemic situation analyzed at the Toyama 
Institute of Health (28).

Pseudovirus neutralization assay 

As previously described (22,29), we measured the neutralizing 
activity of human serum against pseudoviruses using a high-
throughput chemiluminescent reduction neutralizing test. 
The values for samples without and with the pseudovirus 
but without serum were defined as 0% and 100% infections 
(100% and 0% inhibition), respectively. Four pseudoviruses 
with expression plasmids for the truncated S protein of 
SARS-CoV-2 were used for measurement of the neutralizing 
activity against the infecting variant of each pandemic wave: 
pCAG-SARS-CoV-2 S (Wuhan; WT), pCAGG-pm3-
SARS2-Shu-d19-B1.1.7 (alpha-derived variant), pCAGG-
pm3-SARS2-Shu-d19-B1.617.2 (Delta-derived variant), and 
pCAGG-pm3-SARS2-Shu-d19-B1.1.529.1 (Omicron BA.1-
derived variant) (22,29).

Statistical analysis

The participants’ medical and demographic characteristics 
was expressed using medians [interquartile ranges (IQR)] or 
numbers (percentages). To evaluate differences between the 
two groups, the Mann-Whitney U test or Fisher’s exact test 
were used to compare continuous and nominal variables, 
respectively. 

The association between each pair of biomarkers and sore 
throat grade was determined using Spearman’s rho correlation 
coefficient. Correlations between immune parameters are 
presented using a heatmap. Statistical significance was set 
at P<0.05. Statistical analyses were performed using the 
GraphPad Prism 9 software (San Diego, CA, USA). 

https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
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Results

Clinical features of participants before and after the 
emergence of Omicron variant

The clinical features of the participants before and after 
emergence of the Omicron variant are summarized in  
Tables 1,2, respectively. A total of 136 participants infected 
with Delta and precedent variants (39, 50, and 47 in the 

third, fourth, and fifth waves, respectively), and 47 infected 
with Omicron after vaccination (sixth wave) were included 
for further analysis. The entire study population was 
included in our previous studies (15,16). The incidence 
of sore throat, SARS-CoV-2 pneumonia, and hypoxemic 
respiratory failure in entire cohort were found to be 42%, 
52%, and 24%, respectively. There were two participants 
who had a previous history of malignancy or surgical 

Table 1 Clinical features of patients infected with Delta and preceding variants (during third-to-fifth waves) in this study

Features Total (n=136)
Sore throat

G0 (n=79) G1 (n=23) G2 (n=24) G3 (n=10)

Age (years) 49 [32–54] 49 [37–54] 49 [31–53] 42 [24–56] 38 [27–51]

Sex, male 78 [57] 51 [65] 7 [30] 17 [71] 3 [30]

Pandemic period

Third wave 39 [29] 20 [25] 9 [39] 8 [33] 2 [20]

Fourth wave 50 [37] 29 [37] 6 [26] 12 [50] 3 [30]

Fifth wave 47 [35] 30 [38] 8 [35] 4 [17] 5 [50]

Underlying disease

None 74 [54] 42 [53] 12 [52] 14 [58] 6 [60]

Hypertension 24 [18] 17 [22] 1 [4] 5 [21] 1 [10]

Diabetes mellitus 8 [6] 6 [8] 1 [4] 1 [4] 0 [0]

Previous history of malignancy/surgery on head/neck 1 [0.7] 0 [0] 1 [4] 0 [0] 0 [0]

Body mass index (kg/m2) 22.4 [21–25] 23.3 [21–26] 20.8 [20–23] 22.5 [21–25] 21.4 [20–26]

Presence of sore throat 57 [42] – – – –

Duration of sore throat (days) 4 [2–5] – 2 [2–5] 4 [3–5] 7 [4–8]

Nasal viral load (log) 4.9 [3.8–5.6] 4.5 [3.8–5.3] 5.2 [4.4–5.8] 5.3 [4.2–5.7] 5.0 [3.3–5.5]

Viremia 31 [23] 22 [28] 3 [13] 5 [21] 1 [10]

Severity

Mild 65 [48] 31 [39] 14 [61] 14 [58] 6 [60]

Moderate-to-severe (developed SARS-CoV-2 
pneumonia)

71 [52] 48 [61] 9 [39] 10 [42] 4 [40]

Development of respiratory failure 32 [24] 22 [28] 2 [9] 5 [21] 3 [30]

Treatment

Remdesivir 28 [21] 19 [24] 2 [9] 5 [21] 2 [20]

Dexamethasone 32 [24] 19 [24] 2 [9] 8 [33] 3 [30]

Heparin 31 [23] 19 [24] 2 [9] 8 [33] 2 [20]

Antibody 20 [15] 13 [16] 4 [17] 2 [8] 1 [10]

Continuous variables are reported as median [interquartile range (IQR): 25–75]. Categorical variables are reported as numbers [percentages].
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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treatment on head/neck that might have affected the 
sensation of the throat; two participants had undergone 
thyroidectomy for thyroid tumor. All participants survived 
COVID-19 for at least 30 days after symptom onset. 
Median period of hospital stay was 6 days (IQR: 4–9 days)  
in the entire study population. Owing to temporary 
exhaustion of in-hospital medical services in our region, 
the part of the cohort with mild COVID-19 (26% of 
participants with Delta and precedent variants and 36% of 
those with Omicron variant) was transferred to the shielding 
accommodation facilities within 4 days after admission to 
our hospital.

All treatments were administered after the initial blood 

collection and included antiviral medication with remdesivir, 
corticosteroids, heparin, and SARS-CoV-2 antibodies. Only 
one participant infected with Delta received intermittent 
positive-pressure ventilation.

Among the participants infected with Omicron, the 
incidence of sore throat was 66%, which was significantly 
higher than that in participants infected with Delta and 
precedent variants (P<0.005). The incidence of pneumonia 
and hypoxemic respiratory failure in participants infected 
with Omicron was 32% and 13%, respectively, which 
were lower than those in participants infected with Delta 
and precedent variants (P<0.01 and P=0.12, respectively). 
During the study period, the participants who did not 

Table 2 Clinical features of vaccinated patients infected with Omicron variant (during sixth wave) in this study

Features Total (n=47)
Sore throat

G0 (n=16) G1 (n=13) G2 (n=10) G3 (n=8)

Age (years) 62 [51–74] 71 [63–75] 59 [52–78] 61 [47–69] 49 [39–55]

Sex, male 32 [68] 12 [75] 8 [62] 8 [80] 4 [50]

Underlying disease

None 15 [32] 3 [19] 3 [23] 4 [40] 5 [63]

Hypertension 19 [40] 9 [56] 4 [31] 4 [40] 2 [25]

Diabetes mellitus 7 [15] 1 [6] 2 [15] 4 [40] 0 [0]

Previous history of malignancy/surgery on head/neck 1 [2] 0 [0] 1 [8] 0 [0] 0 [0]

Body mass index (kg/m2) 25.0 [22–27] 26.7 [24–29] 24.9 [22–27] 24.8 [23–27] 23.1 [20–25]

Presence of sore throat 31 [66] – – – –

Duration of sore throat (days) 5 [4–7] – 4 [3–6] 5 [4–6] 7 [4–7]

Nasal viral load (log) 4.4 [4.0–5.1] 4.8 [4.2–5.2] 4.3 [3.9–5.0] 4.6 [4.4–4.7] 4.1 [3.4–4.6]

Viremia 4 [9] 2 [13] 0 [0] 1 [10] 1 [13]

Severity

Mild 32 [68] 10 [62] 9 [69] 7 [70] 6 [75]

Moderate-to-severe (developed SARS-CoV-2 
pneumonia)

15 [32] 6 [38] 4 [31] 3 [30] 2 [25]

Development of respiratory failure 6 [13] 5 [31] 0 [0] 1 [10] 0 [0]

Treatment

Remdesivir 3 [6] 3 [19] 0 [0] 0 [0] 0 [0]

Dexamethasone 3 [6] 3 [19] 0 [0] 0 [0] 0 [0]

Heparin 3 [6] 3 [19] 0 [0] 0 [0] 0 [0]

Antibody 14 [30] 6 [38] 3 [23] 4 [40] 1 [13]

Continuous variables are reported as median [interquartile range (IQR): 25–75]. Categorical variables are reported as numbers [percentages]. 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.



Annals of Translational Medicine, Vol 12, No 5 October 2024 Page 7 of 12

© AME Publishing Company.   Ann Transl Med 2024;12(5):87 | https://dx.doi.org/10.21037/atm-24-36

present with sore throat had a relatively higher incidence 
of pneumonia, respiratory failure or viremia than those 
presenting with sore throat. The following incidences were 
observed in participants with Delta and preceding variants 
(sore throat positive vs. negative): pneumonia: 47% vs. 
61%, P=0.12; respiratory failure: 18% vs. 28%, P=0.16; and 
viremia: 16% vs. 28%, P=0.14. In vaccinated participants 
infected with Omicron variant, the incidence was as follows 
(sore throat positive vs. negative): pneumonia: 29% vs. 
38%, P=0.74; respiratory failure: 3% vs. 31%, P<0.05; and 
viremia: 6% vs. 13%, P=0.60.

As the initial nasopharyngeal swab specimens were not 
available for validation of the viral load, the nasopharyngeal 
viral load could not be assessed in seven participants 
(5.1%) infected with the Delta and precedent variants and  
14 participants (28.8%) infected with Omicron.

Serum immune biomarkers associated with COVID-19 
sore throat

Among participants infected with Delta and precedent 
variants, a higher nasal viral load and lower IL-6 and LDH 
levels were observed in participants with sore throats 
compared to those without sore throats (P<0.05) (Figure 2).  
However, among participants infected with Omicron, no 
significant difference was observed between participants 
with and without sore throats.

Correlation between serum immune biomarkers and the 
grade of COVID-19 sore throat

Among participants infected with Delta and precedent 
variants, serum IFN-α level was weakly correlated with 
sore throat grade (r=−0.176, P<0.05) (Figure 3). Among 
participants infected with Omicron, age, body mass index 
(BMI), and serum IFN-λ1 level were correlated with 
sore throat grade (r=−0.419, P<0.005; r=−0.376, P<0.005; 
r=0.315, P<0.05).

Association between serum immune biomarker levels and 
other COVID-19 symptoms

We also assessed the association between the biomarkers 
and representative COVID-19 symptoms other than sore 
throat: headache, smell or taste alteration, and joint or 
muscle pain.

The incidence of COVID-19 symptoms in the study 
cohort is summarized in Table S2. The incidence of joint or 

muscle pain was significantly higher in participants infected 
with Omicron compared to those infected with the Delta 
and precedent variants (32% vs. 18%, P<0.005). However, 
the incidence of smell and taste alteration was lower in 
participants infected with Omicron (17% vs. 32%, P=0.05). 

Figures S1-S3 show the association of immune 
biomarker levels with other COVID-19 symptoms. Among 
participants infected with Delta and precedent variants, 
LDH and IFN-α levels were significantly higher (P<0.05) 
in participants with headache and joint/muscle pain, 
respectively. No significant associations between immune 
biomarker levels and smell/taste alterations were observed.

Serum immune biomarker levels and sore throat in 
unvaccinated participants infected with Omicron

The clinical features and serum immune biomarker levels 
in the unvaccinated participants infected with Omicron 
are summarized in Table S3 and Figure S4. As shown in 
Table S3, the incidence of sore throat and respiratory 
failure in unvaccinated participants infected with the 
Omicron was similar to those in vaccinated participants 
(unvaccinated 13% vs. vaccinated 13%, P>0.99), whereas 
the incidence of SARS-CoV-2 pneumonia was relatively 
higher (unvaccinated 50% vs. vaccinated 32%, P=0.20). In 
addition, except for VEGF, no apparent correlation was 
found between immune biomarker levels and sore throat 
(Figure S4).

Discussion

In this study, we observed a difference in the initial immune 
response related to sore throat among patients infected with 
Omicron and those with precedent variants. During the 
study period, hospital admission of COVID-19 patients for 
isolation was mandatory in Japan. Several patients with mild 
COVID-19 were admitted to our hospital and subsequently 
enrolled in the study (15,16). The incidence of sore throat 
in participants infected with Omicron was similar to that 
reported in previous studies (5-8), and was significantly 
higher than that in participants infected with Delta and 
precedent variants. The initial immune biomarker level 
analyses revealed that at the initial phase of COVID-19, 
nasopharyngeal viral load, IL-6, and IFN-α were associated 
with sore throat in participants infected with Delta and 
precedent variants, whereas, age, the BMI, and IFN-λ1 
levels were associated with sore throat in participants 
infected with Omicron. To the best of our knowledge, this 

https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-24-36-Supplementary.pdf
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study is the first to describe the initial immune response 
related to sore throat in patients with COVID-19 caused by 
Omicron and precedent variants.

Furthermore, we found that nasopharyngeal viral load 
was proportional to sore throat in participants infected 
with Delta and precedent variants, consistent with previous 
studies conducted during the pre-Omicron era (30,31). 
Bae et al. (30) reported that a decline in viral load was 
correlated with a decrease in symptom count in 89 patients  
with COVID-19. Goldberg et al. (31) found that several 
symptoms including sore throat were associated with 

viral RNA load in 87 nonhospitalized participants with 
COVID-19. On the other hand, our results revealed that 
nasopharyngeal viral load was inversely proportional 
in participants infected with Omicron; to date, few 
descriptive studies have assessed this association. We 
also found that nasopharyngeal viral load was relatively 
high in Omicron patients without sore throat, which may 
partly reflect the effective suppression of Omicron by 
augmented local immunity due to throat pain. However, 
since nasopharyngeal viral load was assessed in only  
30 participants infected with Omicron variant in our 

Figure 2 Serum biomarker levels in the early phase of SARS-CoV-2 infection and their association with sore throat. Associations of sore 
throat with age, BMI, nasal viral load, neutralizing activity, IFN-α, IL-6, VEGF, CXCL10, IFN-λ1, IFN-λ3, LDH, and CRP were analyzed. 
Each biomarker level was evaluated upon hospital admission (within 5 days after symptom onset). Data are presented using Tukey box-
plots and individual values. *, P<0.05. BMI, body mass index; CRP, C-reactive protein; CXCL10, C-X-C motif chemokine ligand 10; IFN, 
interferon; IL, interleukin; LDH, lactate dehydrogenase; ns, not significant; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; 
VEGF, vascular endothelial growth factor.
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analysis, further investigation is necessary to clarify its 
association with COVID-19 sore throat.

Levels of immune biomarkers assessed in our study 
showed a decreased association with a various COVID-19 
symptoms, although these were strongly associated with 
the presence of SARS-CoV-2 pneumonia, CT score, or 
respiratory failure, as described in our previous reports 
(15,16). This might be attributed to the nature of localized 
symptoms, which have little impact on systemic immune 
response and are reflected in attenuated associations with 
serum levels of cytokines, including IL-6 and CXCL10. 
However, we believe that several findings in this study could 
reveal the potential association between localized symptoms 
and the systemic immune response in COVID-19.

IFN-α and IFN-β are crucial innate immune factors 
in COVID-19 (32,33), which act as inhibitors of viral 
replication in infected cells and play a defensive role in 
uninfected cells. Correlation between serum IFN-α and 
sore throat in participants with Delta and precedent variants 
might reflect the augmented mucosal innate immune 
response; upregulation of IFN-α decreased the intensity 
of sore throat via limiting viral replication and localized 
inflammation. Several studies suggest that the weak 
association between IFN-α and sore throat by Omicron is 

due to an increasing IFN resistance of the variant (34,35). 
The attenuated association between IFN-α and SARS-
CoV-2 pneumonia was also observed in participants with 
Omicron variant, which were described in our previous 
study (16). In addition, association between IFN-α and 
joint/muscle pain in participants infected with Delta and 
precedent variant suggests that IFN-α also affect these 
systemic COVID-19 symptoms during pre-Omicron era. 
Taken together, we found associations between IFN-α and 
several symptoms with COVID-19 due to the precedent 
variants, but not with Omicron variant.

IL-6 is widely recognized as a pivotal cytokine in the 
immune dysregulation of COVID-19 and is strongly 
associated with a systemic cytokine storm (17) or the 
extent of pulmonary lesions in SARS-CoV-2 pneumonia 
(16,36,37). Among participants infected with Delta and 
precedent variants, IL-6 levels were lower in participants 
with sore throats than in those without sore throats. These 
findings suggest that an attenuated mucosal innate immune 
response in the nasopharynx might induce the subsequent 
progression of SARS-CoV-2 infection with a lack of sore 
throat, which affects the systemic immune response with 
elevated serum IL-6 levels. The weak association between 
IL-6 and sore throat in patients infected with Omicron 
might be due to the attenuated virulence of this variant, 
which has little impact on the systemic immune response. 
The mucosal innate immune response against Omicron at 
the nasopharynx might be altered, which more relate with 
age, BMI and IFN-λ1 rather than IFN-α or IL-6. IFN-λ1 
is the predominant antiviral cytokine present at the mucosal 
barriers in the upper respiratory tract of SARS-CoV-2-
infected patients (38). Compared to IFN-I, IFN-λ1 acts as 
an effective local immune factor against SARS-CoV-2 (39).  
The low incidence of viremia in participants infected with 
Omicron supports this hypothesis. Although we could 
not clarify the detailed mechanisms, we consider that the 
weak association between IL-6 and sore throat caused by 
Omicron might be partly due to the attenuated virulence of 
the variant and augmented local immunity.

We also assessed the effect of vaccination on the 
immune response related to sore throat in patients 
infected with Omicron. The incidence of sore throats 
between vaccinated and unvaccinated patients was not 
significantly different. However, lower VEGF levels were 
observed in unvaccinated patients with sore throats than 
in those without sore throats. Moreover, VEGF levels 
were significantly correlated with sore throat grade, but 
not with age, BMI, and IFN-λ1. These findings suggest 

Figure 3 Correlation between serum immune biomarker levels 
and sore throat grade. Analysis was performed at the initial phase 
of infection within 5 days after the onset. Results are presented as 
a heat map. Spearman’s correlation coefficients with sore throat 
grade are plotted in each cell. Cells are colored based on the 
strength and trend of correlations; shades of red represent positive 
correlations, and blue represent negative correlations. *, P<0.05; 
**, P<0.01; ***, P<0.005. BMI, body mass index; CRP, C-reactive 
protein; CXCL10, C-X-C motif chemokine ligand 10; IFN, 
interferon; IL, interleukin; LDH, lactate dehydrogenase; VEGF, 
vascular endothelial growth factor.
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that vaccination might affect the initial mucosal immune 
response against Omicron, in addition to humoral immune 
responses against SARS-CoV-2 infection. As described in 
our previous report (16), VEGF was significantly correlated 
with IL-6 in participants infected with Omicron, regardless 
of vaccination status. However, the correlation of VEGF in 
COVID-19 symptoms was not explored due to the limited 
sample size. Further studies are necessary to clarify the 
effects of vaccines on innate immune responses, including 
VEGF, in patients with COVID-19.

This study has several limitations. First, the single-center 
observational study design, along with a modest sample size 
in the cohorts with Omicron variant, may have resulted in 
a selection bias. Second, the causative variant in the third 
pandemic wave remained unidentified, because genetic 
identification was not routinely available at that time. Third, 
we could not assess the nasopharyngeal SARS-CoV-2 viral 
load in a relatively large proportion of participants infected 
with Omicron. Fourth, this study could not sufficiently 
examine the time-dependent changes with sore throat and 
immune indicators due to the relatively short observational 
period. However, we believe that this study could elucidate 
a partial and important association between early immune 
responses and the SARS-CoV-2 variant in patients with 
COVID-19 having sore throat, which seemed not to be 
largely affected by these limitations.

Conclusions

We demonstrated that the early immune responses in 
COVID-19 patients with sore throats differ among SARS-
CoV-2 variants. Participants infected with Omicron had 
an increased incidence of sore throat, and our results 
revealed altered association between sore throat and 
several immune biomarkers including IFN-α, IL-6, and 
IFN-λ1. Considering that new SARS-CoV-2 variants are 
emerging, more studies are necessary to elucidate the 
association between a variety of clinical symptoms and 
immune responses against various variants to understand 
pathophysiology of each pandemic or endemic spread of 
COVID-19.
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