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Abstract

In March 2022, the Omicron variant of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) surged during the Coronavirus Disease 2019
(COVID-19) pandemic in Shanghai, but over 90% of patients were mild. This study
included 1139 COVID-19 patients mildly infected with the Omicron variant of
SARS-CoV-2 in Shanghai from May 1 to 10, 2022, aiming to clarify the demographic
characteristics and clinical symptoms of patients with mild Omicron infection. The
clinical phenotypes of Omicron infection were identified by model-based cluster
analysis to explore the features of different clusters. The median age of the patients
was 41.0 years [IQR: 31.0-52.0 years] and 73.0% were male. The top three clinical
manifestations are cough (57.5%), expectoration (48.3%), and nasal congestion and
runny nose (43.4%). The prevalence of nasal congestion and runny nose varied
significantly across the doses of vaccinations, with 23.1% in the unvaccinated
population and 30%, 45.9%, and 44.3% in the 1-dose, 2-dose and 3-dose vaccinated
populations, respectively. In addition, there were significant differences for fever
(23.1%, 26.0%, 28.6%, 18.4%), head and body heaviness (15.4%, 14.0%, 26.7%,
22.4%), and loss of appetite (25.6%, 30.0%, 33.6%, 27.7%). The unvaccinated
population had a lower incidence of symptoms than the vaccinated population.
Cluster analysis revealed that all four clusters had multisystemic symptoms and were
dominated by both general and respiratory symptoms. The more severe the degree
of the symptoms was, the higher the prevalence of multisystemic symptoms will be.
The Omicron variant produced a lower incidence of symptoms in mildly infected
patients than previous SARS-CoV-2 variants, but the clinical symptoms caused by
the Omicron variant are more complex, so that it needs to be differentiated from

influenza.
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1 | INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a highly contagious respiratory
disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which has rapidly swept around the world in the past 3
years. As of June 6, 2022, over 529 million infections and over six million
deaths have been reported globally.r SARS-COV-2 continues to mutate
rapidly, with Alpha, Beta, Delta, Lambda, Omicron, and other variants
appearing successively. The Omicron variant, that was originally reported
in South Africa in November 2021, has emerged as a virulent variant of
concern,? becoming the dominant variant in the fourth wave of the global
COVID-19 pandemic. It has since infected an estimated 300 million
people worldwide in just a few months.>® In China, the Omicron variant
was first discovered in November 2021 and has spread diffusely since
February 2022.*> By June 6, 2022, more than 600000 infections had
been found cumulatively in Shanghai.®

The Omicron variant differs markedly from previous major variants in
that it can recognize host cells, elicit an immune response quickly, and is
associated with increased infectivity as well as a greater immune
escape.”® However, although Omicron is 60% more infectious than the
original variant and is considered to be the most infectious variant known,
its clinical symptoms are relatively mild.”*° From March 1 to April 18,
2022, 397 933 cases of SARS-CoV-2 infection were reported in Shanghai,
of which only 21 were severe.* In fact, in patients with a mild infection,
previous studies still observed some atypical multisystem symptoms
besides respiratory and systemic symptoms, such as dyssomnia,
hypomnesia, and depression.*? Therefore, it is particularly important to
study the clinical symptoms in patients with mild Omicron infections since
many people think of the Omicron infection as a “big flu.” To date, six
studies have reported the clinical symptoms of COVID-19 cases caused
by the Omicron variant, but most of them had relatively small sample
sizes or listed few types of symptoms.>>?13-15 |n addition, most of the
studies were reported during the early stages of the Omicron outbreak.
However, most importantly, the reported studies did not describe the
clinical symptoms in terms of symptom levels, which can provide a better
understanding of the difference between the same symptoms in Omicron
and other SARS-CoV-2 variants or other diseases. Hence, the clinical

symptoms of mild COVID-19 infection caused by the SARS-CoV-2
Omicron variant remain unclear.

This study investigated the mild cases of Omicron variant
infection in Shanghai. We described their clinical characteristics,
identified the clinical phenotypes of Omicron infection features using
cluster analysis, explored the different characteristics among differ-
ent clusters, and provided a reference basis for the prevention and

treatment of the Omicron variant infection.

2 | MATERIALS AND METHODS

2.1 | Study objects

The study participants were patients with mild COVID-19 admitted
to the mobile cabin hospital in Tianhua Road, Jinshan district,
between May 1 and 10, 2022. The diagnostic and classification
criteria of COVID-19 cases were based on the “Diagnosis and
Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version
9)" (Table 1). This study was approved by the Ethics Committee of
Longhua Hospital (Ethical Approval No. 2022LCSY020), and written
informed consent was obtained from all patients.

2.2 | Data collection

Demographic characteristics and clinical symptoms were collected
respectively through the patients' medical records and a questionnaire
using an online crowdsourcing platform (Wenjuanxing, a platform
providing functions equivalent to Amazon Mechanical Turk). The
demographic characteristics included age, sex, marital status, occupation,
ethnicity, history of hypertension and diabetes, allergies, smoking history,
and vaccinations. Clinical symptoms included fever, chills, sweating,
coughing, expectoration, hemoptysis, sore throat, loss of taste and smell,
thirst, bitterness in the mouth, chest tightness, chest pain, nasal
congestion, runny nose, shortness of breath, fatigue, depression,

headache, head and body heaviness, soreness in the limbs, lack of

TABLE 1 Classification criteria of COVID-19 cases
Classification Criteria
Mild Mild clinical symptoms; no sign of pneumonia on imaging
Moderate Fever and respiratory symptoms with radiological findings of pneumonia
Severe 1. Respiratory distress (230 breaths/min)
2. Oxygen saturation <93% at rest
3. PaO,/FiO, < 300 mmHg. In high-altitude areas (>1000 m), PaO,/FiO, shall be corrected as: PaO,/FiO, x (atmospheric
pressure [mmHg]/760)
Cases with chest imaging that shows obvious lesion progression within 24-48 h >50% shall be managed as severe cases.
Fatal 1. Respiratory failure and requiring mechanical ventilation

2. Shock

3. With other organ failure that requires ICU care

Abbreviations: FiO,, fractional inspired oxygen; ICU, intensive care unit; PaO,, arterial oxygen partial pressure.
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appetite, nausea and vomiting, abdominal distension, diarrhea, constipa-
tion, hypomnesia, and dyssomnia. All symptoms were divided into four
levels of severity (Supporting Information: Table 1). If any data were
missing from the record or the record was unclear, we re-obtained the
data through direct communication with the treating physician from
the mobile cabin hospital in Tianhua Road, Jinshan district, within 24 h of
the record being taken. All data were checked by two physicians (M. W.

and Y. T.) who were in charge of treating the patients.

2.3 | Statistical methods

Baseline descriptions of demographic and clinical characteristics are
presented as counts and percentages for categorical variables and as
medians with first and third quartiles for continuous variables. The
differences in demographic and clinical characteristics by vaccination dose
were tested using Fisher's exact test for categorical variables and the
Kruskal-Wallis test for continuous variables. Model-based clustering was
used to identify the clinical features of patients. The integrated completed

likelihood criterion was used to estimate the number of clusters. To

MEDICAL VIROLOGY

identify demographic features associated with cluster membership,
Fisher's exact test for categorical variables and the Kruskal-Wallis test
for continuous variables were performed accordingly.

All statistical analyses were performed using R 4.1.3, and model-
based clustering was performed using the VarSelLCM R package. Results
with a p-value <0.05 were considered to be statistically significant.

3 | RESULTS

3.1 | Demographic characteristics of cases

The demographic characteristics of the different vaccination-dose
populations were significantly different, except for those with
comorbidities and allergies. In the vaccinated population, age
gradually increased with the number of vaccination doses the
participant had taken; however, all ages were lower than that in
the unvaccinated population. This suggests that advanced age is
predominant in the unvaccinated population. Moreover, more men

than women had infections (Table 2).

TABLE 2 Demographic characteristics of 1139 infections with mild COVID-19
Doses of vaccinations
Variable 0 (n=39) 1 (n=50) 2 (n=318) 3(n=732) Total (n=1139) p
Age (year), median (IQR) 51.0 (30.5-8.0) 32.0 (29.0-39.0) 35.0 (28.0-47.0) 45.0 (33.0-53.0) 41.0 (31.0-52.0) <0.001
Gender-no. (%)
Male 19 (48.7) 41 (82.0) 234 (73.6) 537 (73.4) 831 (73.0) 0.004
Female 20 (51.3) 9 (18.0) 84 (26.4) 195 (26.6) 308 (27.0)
Marriage-no. (%)
Divorced/widowed 1(2.6) 2 (4.0) 8 (2.5) 12 (1.6) 23 (2.0) <0.001
Unmarried 14 (35.9) 30 (60.0) 133 (42.0) 218 (29.9) 395 (34.8)
Married 24 (61.5) 18 (36.0) 176 (55.5) 500 (68.5) 718 (63.2)
Occupation-no. (%)
Employee 17 (43.6) 23 (46.0) 157 (49.5) 394 (54.0) 591 (52.0) <0.001
Former 2(5.1) 4 (8.0) 10 (3.2) 55 (7.5) 71 (6.2)
Others 12 (30.8) 22 (44.0) 135 (42.6) 261 (35.8) 430 (37.9)
Retiree/unemployed 8 (20.5) 1 (2.0) 12 (3.8) 19 (2.6) 40 (3.5)
Student 0 (0.0) 0 (0.0) 3(0.9) 1(0.1) 4 (0.4)
Ethnicity-no. (%)
Han 39 (100.0) 43 (86.0) 309 (97.5) 709 (97.1) 1100 (96.8) 0.003
Others 0 (0.0) 7 (14.0) 8 (2.5) 21 (2.9) 36 (3.2)
Comorbidity-no. (%)
Hypertension 5(12.8) 2 (4.0) 18 (5.7) 37 (5.1) 62 (5.5) 0.208
Diabetes 0 (0.0) 0 (0.0) 7 (2.2) 10 (1.4) 17 (1.5) 0.472
Personal history-no. (%)
Allergy 4 (10.3) 3 (6.0) 8 (2.5) 24 (3.3) 39 (3.4) 0.062
Smoking 9(23.1) 21 (42.0) 100 (31.4) 176 (24.0) 306 (26.9) 0.006
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3.2 | Clinical characteristics of cases

Overall, the 10 most frequently reported symptoms were coughing
(57.5%), expectoration (48.3%), nasal congestion and runny nose (43.4%),
thirst (43.2%), sweating (36.1%), a sore throat (35.9%), bitterness in the
mouth (34.6%), fatigue (34.2%), limb soreness (32.7%), and dyssomnia
(81.5%). The majority of the symptoms were levels O and 1, but the
percentage of levels 2 and 3 for cough and sputum production was higher
than 10%. For the unvaccinated population, the five most frequently
reported symptoms were coughing (53.8%), expectoration (38.5%),
fatigue (35.9%), soreness in the limbs (35.9%), and thirst (33.3%); while
for the vaccinated population, the five most frequently reported
symptoms were coughing (57.6%), expectoration (48.6%), nasal conges-
tion and runny nose (44.1%), thirst (43.5%), and a sore throat (36.5%).
Symptom incidence in the vaccinated population was similar to that of
the total population. The unvaccinated population had a lower incidence
of symptoms, and high-frequency symptoms included both respiratory
and systemic symptoms (Table 3, Supporting Information: Table 2).

3.3 | Four phenotypes from cluster analysis

Four clusters were identified using model-based clustering, and the

details of the distribution in the four clusters can be found in

Supporting Information: Table 3. The difference of distribution of all
symptoms in the four clusters was significant (p < 0.05), indicating
that clustering results were reliable. The characteristics of the four
clusters were described according to the degree and classification of
symptoms (Figure 1).

In general, the severity of patients' symptoms increased
sequentially from Clusters 1 through 4. Level O patients had the
highest proportion in Cluster 1 and gradually decreased in the other
clusters. In Clusters 2 and 3, the symptom severity gradually
increased as levels 1 and 2 patients increased. In Cluster 4, levels 2
and 3 increased significantly, presenting with the most serious
symptoms (Figure 1A).

The clinical symptoms were divided into five categories: general,
respiratory, gastrointestinal, neurological, and other symptoms. In
Cluster 1, the proportion of each systemic symptom was significantly
lower than that in the other clusters. Compared with Cluster 1,
general, respiratory, and gastrointestinal symptoms increased by
72.9%, 52.6%, and 49.2%, respectively, in Cluster 2. All patients in
Clusters 3 and 4 had general and respiratory symptoms, and the
incidence of other systemic symptoms exceeded 70% (Figure 1B).
Combining the above results, we found that multisystem symptoms
can occur in different clusters. General and respiratory symptoms
were the predominant symptoms. Simultaneously, the more severe

the symptoms, the higher is the incidence of multisystem symptoms.

TABLE 3 The main clinical symptoms characteristics of 1139 infections with mild COVID-19

Doses of vaccinations

Variable 0(n=39) 1 (n=50)
Fever-no. (%)
0 30 (76.9) 37 (74.0)
1 7 (17.9) 10 (20.0)
2 1(2.6) 2 (4.0)
3 1(2.6) 1(2.0)
Nasal congestion and runny nose-no. (%)
0 30 (76.9) 35 (70.0)
1 6 (15.4) 13 (26.0)
2 3(7.7) 1(2.0)
3 0 (0.0) 1(2.0)
Head and body heaviness-no. (%)
0 33 (84.6) 43 (86.0)
1 4 (10.3) 7 (14.0)
2 1(2.6) 0 (0.0)
3 1(2.6) 0 (0.0)
Lack of appetite-no. (%)
0 29 (74.4) 35 (70.0)
1 7 (17.9) 10 (20.0)
2 3(7.7) 3 (6.0)
3 0 (0.0) 2 (4.0)

2 (n=318) 3 (n=732) Total (n=1139) p
227 (71.4) 597 (81.6) 891 (78.2) 0.003
70 (22.0) 115 (15.7) 202 (17.7)
20 (6.3) 18 (2.5) 41 (3.6)
1(0.3) 2 (0.3) 5(0.4)
172 (54.1) 408 (55.7) 645 (56.6) 0.010
124 (39.0) 294 (40.2) 437 (38.4)
21 (6.6) 26 (3.6) 51 (4.5)
1 (0.3) 4 (0.5) 6 (0.5)
233 (73.3) 568 (77.6) 877 (77.0) 0.009
74 (23.3) 143 (19.5) 228 (20.0)
10 (3.1) 21 (2.9) 32 (2.8)
1(0.3) 0 (0.0) 2(0.2)
211 (66.4) 529 (72.3) 804 (70.6) 0.001
81 (25.5) 170 (23.2) 268 (23.5)
25 (7.9) 32 (4.4) 63 (5.5)
1 (0.3) 1(0.1) 4 (0.4)
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FIGURE 1 Distribution of symptom levels 0-3 and systematic classification in each cluster. Comparison of symptom levels and systematic
classification in different clusters. The percentage of symptom level (A) and systematic classification in the clusters (B) are shown for all four
clusters. Clusters represent the results obtained from the cluster analysis of the clinical symptom information in 1139 patients, and each cluster
had similar clinical symptom characteristics. Level represents the degree of clinical symptoms, level O is asymptomatic and level 3 is the highest
degree of symptoms. The system represents the organism system to which the symptoms belong.

3.4 | Demographic characteristics and vaccination
status in different clusters

The demographic characteristics and vaccination status of the four
clusters are shown in Table 4, in which age and allergy history were
significantly different between the different clusters (p < 0.05). Age
tended to increase across the four clusters, and there were fewer
people with an allergy history in Clusters 1, 2, and 3, and more people
with an allergy history in Cluster 4. However, no statistical
significance was found for other variables.

4 | DISCUSSION

Based on a large sample investigation, we described the clinical
symptom characteristics of patients with mild COVID-19 infection
from the Omicron outbreak in Shanghai. Four clusters based on
clinical symptoms were determined to depict the characteristics of
different clinical phenotypes and to analyze the difference between
Omicron infection and general influenza and other SARS-CoV-2
variant infections.

Compared with other SARS-CoV-2 variants, patients with mild
Omicron infection had a much lower incidence of symptoms and
extent of disease. In previous studies, the predominant clinical
symptoms of 99 patients infected with the original variant of SARS-
CoV-2 in Wuhan (2020) were fever (83%), cough (82%), and
shortness of breath (31%)*; while, in 419 patients infected with

the Delta variant in Guangzhou (2021), China, fever (75%), cough
(74%), expectoration (43%), and fatigue (25%) were predominant.'”
These values were significantly higher than the results of our study.
There are three possible reasons for this discrepancy. First, the
vaccination rates were high by the time the Omicron outbreak
occurred. Since the COVID-19 outbreak, vaccination has been
gradually implemented globally to achieve herd immunity.*® In our
study, vaccination rates of up to 96.68% were achieved, with 92.19%
of the patients receiving more than two doses. Second, there were
differences in the mutation sites of the Omicron variants. According
to the results of viral gene sequencing at the Shanghai Center for
Disease Control and Prevention on April 26, 2022, Omicron BA.2 was
the main variant responsible for the outbreak.® Thirty-one mutations
were found in the S protein of Omicron BA.2, including 10
characteristic mutations, whereas the highly pathogenic Delta variant
had only four mutations in the S protein.'®2° Third, this study was
conducted on mild cases to better characterize the predominant type
of Omicron infections. The differences in the study populations may
account for the lower incidence of symptoms in Omicron than in
other variants.

By clustering the clinical phenotypes of patients with mild
Omicron infection, we found that four clinical phenotypes correlated
with the severity of symptoms and symptom classification, with more
severe patients having more complex clinical symptoms. Due to its
mild and influenza-like symptoms and low mortality rate, Omicron
has often been misperceived as the “big flu,” leading to a lack of

attention and consequently a rapid spread in a short period of time. In
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TABLE 4 Demographic characteristics and vaccination status in different clusters

Clusters
Variable 1 (n=501) 2 (n=419) 3 (n=145) 4 (n=74) Total (n=1139) p
Age (year), median (IQR) 45.0 (31.0-53.2) 39.0 (31.0-50.0) 39.0 (31.0-49.0) 45.0 (33.0-51.0) 41.0 (31.0-52.0) 0.003
Gender-no. (%)
Male 375 (74.9) 308 (73.5) 98 (67.6) 50 (67.6) 831 (73.0) 0.242
Female 126 (25.1) 111 (26.5) 47 (32.4) 24 (32.4) 308 (27.0)
Marriage-no. (%)
Divorced/widowed 7 (1.4) 10 (2.4) 6 (4.2) 0 (0.0) 23 (2.0) 0.083
Unmarried 178 (35.6) 156 (37.3) 40 (27.8) 21 (28.4) 395 (34.8)
Married 315 (63.0) 252 (60.3) 98 (68.1) 53 (71.6) 718 (63.2)
Occupation-no. (%)
Employee 267 (53.4) 209 (50.0) 76 (52.8) 39 (52.7) 591 (52.0) 0.373
Former 30 (6.0) 27 (6.5) 9 (6.2) 5(6.8) 71 (6.2)
Others 179 (35.8) 173 (41.4) 52 (36.1) 26 (35.1) 430 (37.9)
Retiree/unemployed 23 (4.6) 7 (1.7) 6 (4.2) 4 (5.4) 40 (3.5)
Student 1(0.2) 2 (0.5) 1(0.7) 0 (0.0) 4 (0.4)
Ethnicity-no. (%)
Han 484 (96.8) 402 (96.2) 142 (98.6) 72 (97.3) 1100 (96.8) 0.571
Others 16 (3.2) 16 (3.8) 2 (1.4) 2(2.7) 36 (3.2)
Comorbidity-no. (%)
Hypertension 28 (5.6) 23 (5.5) 5(3.5) 6(8.1) 62 (5.5) 0.543
Diabetes 7 (1.4) 5(1.2) 5(3.5) 0 (0.0) 17 (1.5) 0.210
Personal history-no. (%)
Allergy 7 (1.4) 11 (2.6) 9 (6.2) 12 (16.2) 39 (3.4) <0.001
Smoking 127 (25.3) 126 (30.1) 39 (26.9) 14 (18.9) 306 (26.9) 0.169
Doses of vaccinations-no. (%)
0 18 (3.6) 17 (4.1) 3(2.1) 1(1.4) 39 (3.4) 0.473
1 28 (5.6) 15 (3.6) 4 (2.8) 3(4.1) 50 (4.4)
2 125 (25.0) 129 (30.8) 41 (28.3) 23 (31.1) 318 (27.9)
3 330 (65.9) 258 (61.6) 97 (66.9) 47 (63.5) 732 (64.3)

the early stages of the infection, both influenza and Omicron
infection may experience generalized and respiratory symptoms such
as fever, fatigue, sore throat, and shortness of breath, but the
Omicron variant may also cause other systemic symptoms such as
nausea and vomiting, loss of taste and smell, hypomnesia, and
dyssomnia. In our study, all five systemic symptoms were present in
different clinical phenotypes, and their incidence increased with the
severity of the symptoms. Because of the high expression of
angiotensin-converting enzyme 2 (ACE2) receptors in multiple
tissues, such as the alveolar cells, esophageal and gastrointestinal
epithelial cells, and hepatobiliary cells, Omicron causes complex
disease symptoms and invades more body tissues.?! Moreover, the

long-term quality of life, exercise capacity, and mental health status

of patients discharged from the hospital with Omicron infection are
relatively poor.??2® Therefore, there is a significant difference
between Omicron and influenza in the complexity of infection
symptoms and disease sequelae. Such differences warrant more
attention in the prevention and control of Omicron infection.

The demographic characteristics of the identified clusters
differed significantly in terms of age and allergy history. Age is
associated with immunocompetence, and thus affects symptom
severity. The aging immune system reduces the ability of an organism
to guard against infection and leads to an increase in the intensity and
duration of the inflammatory response, making the elderly vulnerable
to inflammatory diseases; thus, immune escape may be increased in

the advanced population.?* Other demographic characteristics
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including sex, comorbidities, and vaccination status did not differ
significantly in different clusters, probably because we mainly
observed mild patients and could not represent the whole population.
Moreover, Omicron can increase the current immune escape capacity
by 27-fold, which is 17-fold more than the Delta variant.2> Yamasoba
et al.?¢ experimentally found that the Omicron subvariant BA.2 was
highly resistant to antisera triggered by mRNA-1273 and ChAdOx1
vaccines, with 18-fold and 24-fold lower neutralizing antibody
capacities than the original variant, respectively. This prominent
immune escape ability may explain why we found no significant
differences in the distribution of vaccination status across clusters.

In this study, we did not observe an obvious relationship
between vaccination and symptom presentation. There are three
possible reasons for this finding. First, there were only 39 (3.4%)
unvaccinated individuals in our study. This large population differ-
ence may be the reason why we did not observe the effect of
vaccination on patients' clinical symptoms. Second, the timing of the
vaccination was not recorded in the present study. Owing to the
apparently time-sensitive nature of COVID-19 vaccines, the longer
the vaccination time, the lower the immune effect it produces,
resulting in compromised vaccine protection.?” Third, the majority of
study participants were healthy, working-class people, which may
have influenced the study results. More than 50% of the population
(n=1139) were employed, and less than 40 individuals were over 60
years of age. This means our study population tended to be younger
and in a better physical condition, ultimately presenting with a lower
incidence of symptoms.

In conclusion, we found that the incidence of symptoms was
lower in patients with mild Omicron infection than in those with
previous SARS-CoV-2 variants. High vaccination rates and viral
variations are the possible reasons for milder symptoms of infection.
A clustering analysis of symptoms in patients with mild infection
demonstrated that the clinical symptoms caused by Omicron are

more complex and need to be distinguished from influenza.
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