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Abstract

An outbreak of COVID-19 in Shanghai, China, in March 2022 was caused by the Omicron variant. The epidemic lasted for
more than 3 months, and the cumulative number of infected people reached 626,000. We investigated the impact of clinical
factors on disease outcomes in patients with COVID-19. Using a case-control study design, we examined cases from fever
clinics with confirmed Omicron variant infection, analyzed their population and laboratory diagnostic characteristics, and
provided theoretical support for subsequent epidemic prevention and control. Logistic regression was used to identify factors
associated with infection with the Omicron variant. The results of this study show that the COVID-19 vaccine can protect
against infection with the Omicron variant, and more than 50% of infected people had not been vaccinated. Compared with
the epidemic in Wuhan 2 years ago, most of the patients in the hospital in the Shanghai epidemic had underlying diseases
(P = 0.006). A comparison of patients infected with the Omicron variant in Shanghai and patients with other respiratory
tract infections showed no significant difference in the levels of neutrophils, lymphocytes, eosinophils, white blood cells,
hemoglobin, or platelets (P > 0.05). People over 60 years old and those with underlying diseases were at risk for pneumonia
(OR = 14.62 (5.49-38.92), P < 0.001; OR = 5.29 (2.58-10.85), P < 0.001, respectively), but vaccination was a protective
factor (OR = 0.24 (0.12-0.49), P < 0.001). In summary, vaccination has a potential effect on infection with Omicron vari-
ant strains and provides protection against pneumonia. The severity of illness caused by the Omicron variant in 2022 was
significantly lower than that of the original SARS-CoV-2 variant from two years previously.

Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Omicron variant was first detected in South
Africa on November 9, 2021 [1]. It then rapidly spread to the
United States, Europe, and other regions and was declared by
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WHO to be the fifth "variant of concern" [2]. The Omicron
variant spread widely in March 2022 in Shanghai, China
[3], with its first local case detected March 2, 2022, and
the cumulative number of SARS-CoV-2 infections reach-
ing more than 626,000 [4, 5]. The Omicron epidemic began
earlier in Shanghai than in 71 other cities in 21 provinces in
China, so it is of great significance to analyze the character-
istics of this epidemic in Shanghai. Omicron lineage BA.2
was primarily responsible for the coronavirus outbreak in
Shanghai in the first half of 2022, which had a severe disease
rate of 0.27% and a case fatality rate of 0.09% [6]. Despite
vaccination, the elderly are at significant risk of progression
to severe disease or death due to infection with Omicron.
At present, residents of the Chinese mainland have three
inactivated vaccine COVID-19 vaccines available (China's
biological vaccine, Wuhan biological vaccine, and Beijing
CoronaVac), as well as an adenovirus-vectored vaccine
(Ad5-nCoV). Although the overall vaccination coverage of
the population of Shanghai exceeds 90%, only 62% of the
5.8 million people over 60 years old have been vaccinated,
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and only 38% of the population has received a booster vac-
cine [7]. Despite the lower virulence of the Omicron BA.2
sublineage, the risk of progression to severe disease or death
after infection remains high [8].

Earlier clinical studies on wild strains of SARS-CoV-2
showed that laboratory indicators of infection, such as lym-
phocyte count, T lymphocyte count, liver enzyme index,
myocardial enzyme index, and D-dimer, are useful for pre-
dicting whether patients develop severe disease [9, 10]. The
Omicron variant strain has been reported to have a shorter
incubation period, higher infectivity, and pathogenicity and
to produce a higher viral load than the original strain [11].
The local outbreak in Shanghai occurred after widespread
vaccination of the population against COVID-19.

We compared the characteristics of patients in Shanghai
fever clinics and patients in Wuhan in 2020. The general pro-
files of patients diagnosed with Omicron infection and those
hospitalized due to influenza during the same period were
compared. The susceptibility factors for pneumonia caused
by Omicron variant strains were analyzed, and the protec-
tive effect of COVID-19 vaccination on patients infected
with Omicron variant strains was assessed. This study will
provide a reference for prevention and control of COVID-19.

N=719

Screening for COVID-19

Materials and methods
General information

COVID-19-positive patients attending the infection depart-
ment of Shanghai Changzheng Hospital between 1 March
2022 and 30 May 2022 were included in this study. A total
of 316 target cases were included in the initial stage. After
screening by the inclusion and exclusion criteria, 144
patients were finally included in the study group (SH-C
group), and 144 patients with similar clinical symptoms
who visited a doctor due to other upper respiratory tract
infections, such as influenza virus, adenovirus, or respira-
tory syncytial virus, were included as a control group (SH-N
group) (Fig. 1).

In addition, we retrospectively collected information on
173 positive cases of COVID-19 in Wuhan from February
1, 2020, to May 30, 2020, as a historical control (WH-C
group). This retrospective study, supported by the General
Program of Huoshenshan Hospital, complies with the Dec-
laration of Helsinki, and all patients gave informed consent.

Diagnostic criteria

The diagnostic criteria for positive cases of COVID-19 in
this study are based on the "COVID-19 Pneumonia Diagno-
sis and Treatment Program (Trial Version 9)" issued by the
General Office of the National Health Commission [12]. The
clinical classification of COVID-19-positive cases is also

2022 Shanghai fever patients
screening for COVID-19 n=395

Excluded
» | involuntary participation

Volunteer to participate
n=323

Excluded

» | Insufficient clinical information

Enrolled case-control study
n=288

Shanghai COVID-19 group
(SH-C)

Shanghai respiratory infection group

(no-COVID-19, SH-N)

n=144 n=144

Fig.1 Study flow chart
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based on the above scheme, and the research subjects were
divided into mild and severe groups.

Collection of information

The hospitalization history was collected, and general data
(including epidemiological history, gender, age, underlying
diseases), clinical symptoms, laboratory indicators, diagno-
sis, treatment, and outcomes were retrospectively analyzed
and grouped by type for comparison. The flow chart for
patient enrollment is shown in Fig. 1.

Statistical methods

Data were processed using SPSS 24.0. Enumeration data
were expressed as cases (%), and the X2 test or Fisher's
exact test was used. Measurement data that conformed to a
normal distribution were expressed as the mean + standard
deviation (x + s), and were analyzed by t-test; those that
did not exhibit a normal distribution were expressed as the
median and interquartile interval (M, median; P25, 25 per-
cent, P75, 75 percent), and the Mann-Whitney U test was
used. Logistic regression was used to analyze the influencing
factors of outcome variables, and the odds ratio (OR) repre-
sents the association strength. P < 0.05 indicates statistical
significance.

Results
General information about the enrolled patients

A total of 461 subjects were enrolled in this study and
divided into three groups: the 2022 Shanghai COVID-19
group (SH-C), the 2022 Shanghai non-COVID-19 group
(SH-N), and the 2020 Wuhan COVID-19 group (WH-C).
The general information about the three groups of subjects
is shown in Table 1. Among the population included in this

Table 1 General information about the patients in the study

SH-C,n= 144 SH-N,n=144 WH-C,n=173
Age,y 5754224 427+ 186 60.4 + 124
Gender, FM  81/63 77167 72/101

Cause of disease Omicron Other upper res- SARS-CoV-2
piratory tract

infections

Vaccination 49.65% 72.73% 0

rate?

SH-C Shanghai COVID-19 group, SH-N non-COVID-19 group (other
respiratory infections), WH-C Wuhan COVID-19 group (2020)

*Percentage who had received at least one vaccine dose

study, the WH-C group had the highest mean age (60.4
years), and SH-N had the lowest mean age (42.7 years).
There was no significant difference in the male-female ratio
among the three groups. The etiology of the three groups
was significantly different, namely Omicron variant, respir-
atory infection, and the original SARS-CoV-2 strain. The
rate of vaccination against COVID-19 in the SH-C group
was significantly lower than in the SH-N group (49.65% vs.
72.73%, P < 0.001).

Differences between the Shanghai epidemic
and the Wuhan epidemic

The COVID-19 outbreak in Shanghai was fundamentally
different from the outbreak in Wuhan that occurred two
years previously. Among the hospitalized patients, 34.0%
of the patients in the SH-C group were less than 50 years
old, which was a significantly higher percentage than that

Table 2 Comparison of hospital admissions of patients with COVID-
19 in Shanghai and Wuhan

Factor SH-C,n =144 WH-C,n=173 P value
(%) (%)

Age <0.001
<50 49 (34.0) 29 (16.8)

50-60 19 (13.2) 45 (26.0)
>60 76 (52.8) 99 (57.2)

Gender 0.702
Female 81 (56.3) 101 (58.4)

Male 63 (43.8) 72 (41.6)

Body temperature  37.5 + 1.0 38.0+ 0.9
(T

Leukocytes 6.92 + 2.85 6.02 +2.88

Pneumonia <0.001
No 81 (56.3) 148 (85.5)

Yes 63 (43.8) 25 (14.5)

Symptoms <0.001
Mild 61 (42.4) 104 (60.1)

Severe 83 (57.6) 69 (39.9)

Underlying illness 0.006
Hypertension 31 (21.5) 26 (15.0) 0.134
Cerebrovascular 16 (11.1) 12 (6.9) 0.192
Diabetes 14 (9.7) 13 (7.5) 0.483
Heart disease 12 (8.3) 5Q2.9) 0.032
Post-operative 6(4.1) 7 (4.0) -

illness
Liver disease 4(2.7) 5.9 -
Kidney disease 4(2.7) 2(1.1) -
Autoimmune 1(0.7) 0(0) -
disease

SH-C patients with COVID-19 in Shanghai in 2022, WH-C patients
with COVID-19 in Wuhan in 2020
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Fig.2 Comparative analysis of patients with COVID-19-related pneumonia and respiratory tract infections in Shanghai. WBC white blood cell
count, N% neutrophil rate, L% lymphocyte rate, RBC red blood cell count, HB hemoglobin, PLT platelet count, CRP C-reactive protein

in WH-C group. There was no statistical difference in the
percentage of each sex among the people with COVID-19
during the different periods. The mean body temperature of
the SH-C group was 37.5°C, whereas in the WH-C group it
was 38.0°C, and this difference was statistically significant
(P < 0.001). In addition, the mean leukocyte count and inci-
dence of pneumonia and symptoms were higher in the SH-C
group than in the WH-C group (P < 0.05) (Table 2). The
overall prevalence of underlying disease in the SH-C group
was also higher than that in the WH-C group (P = 0.006).
Ranked from high to low by prevalence, these diseases
included hypertension, cerebrovascular disease, diabetes,
heart disease, post-operative illness, liver disease, kidney
disease, and autoimmune disease. The prevalence of heart
disease was statistically different between the two groups
(P =0.032). However, no statistical differences were found
among the groups for the other underlying diseases due to
their low prevalence rates (P > 0.05) (Table 2). Underly-
ing diseases often increase the impact of COVID-19 on the
health of the patient.

@ Springer

Differences between COVID-19 and other
respiratory infections

Comparative analysis showed that there was no signifi-
cant difference in body temperature between patients with
COVID-19-related pneumonia and those with other respira-
tory tract infections in Shanghai (P = 0.099). On average,
patients with COVID-19 in Shanghai had lower white blood
cell counts (WBCs) and lower C-reactive protein (CRP) lev-
els than those with other respiratory tract infections, and the
difference was statistically significant (P < 0.05). There was
no significant difference in neutrophil rate (N%), lymphocyte
rate (L%), eosinophils, red blood cell (RBC) count, hemo-
globin (HB), or platelet (PLT) count between patients with
COVID-19 and those with other respiratory tract infections
(P > 0.05). However, monocytes were higher in patients
with COVID-19 than in patients with other respiratory tract
infections (P < 0.001) (Fig. 2).
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Analysis of risk factors for pneumonia caused
by Omicron

To identify risk factors for COVID-19-related pneumonia
caused by Omicron, we use the internal control method.
Among the 144 patients with COVID-19, 63 had pneu-
monia and 81 did not. Univariate analysis showed that
age over 60 years was a risk factor for COVID-19-related
pneumonia (OR = 14.62 (5.49-38.92), P < 0.001). Vac-
cination was a protective factor (OR = 0.24 (0.12-0.49), P
< 0.001), and people with underlying diseases were more
likely to develop pneumonia (OR = 5.29 (2.58-10.85), P <
0.001). No significant difference in body temperature was
observed between pneumonia patients and non-pneumonia
patients (P > 0.05). However, in terms of WBC and CRP
indicators, the abnormal rate was significantly higher in
pneumonia patients than in the control group (P < 0.05)
(Table 3).

Table 3 Comparison of factors related to pneumonia caused by the
epidemic of COVID-19 in Shanghai in 2022

Factor Non-pneu-  Pneumo-  Univariate analysis P value
monia, n nia,n=  OR (95% CI)
=81 63

Age

<50 43 6 1

50-60 13 6 3.31(091-12.02)  0.069

>60 25 51 14.62 (5.49-38.92) <0.001
Gender

Female 49 32 1

Male 32 31 1.48 (0.76-2.88) 0.768
Vaccine

No 28 42 1

Yes 52 19 0.24 (0.12-0.49) <0.001
Underlying illness

No 55 18 1

Yes 26 45 5.29 (2.58-10.85)  <0.001
Body temperature

Normal 49 31

Abnormal 32 32 - 0.176%*
WBC

Normal 71 48

Abnormal 5 15 - 0.004*
Monocytes

Normal 32 34

Abnormal 44 29 - 0.163*
CRP

Normal 54 28

Abnormal 22 35 - 0.001*

*Chi-square test results; normal range: body temperature, <37.3°C;,
White blood cell count (WBC), 3.5-9.5 x 10°/L; monocytes, 3-10%;,
C reactive protein (CRP), 0-10 mg/L

Discussion

The Omicron variant was first discovered in South Africa in
November 2021 and soon spread around the world [13]. On
June 2, 2022, the Shanghai Municipal Government Informa-
tion Office reported that gene sequencing had confirmed that
the Shanghai epidemic was caused mainly by the Omicron
BA.2 and BA.2.2 variants [5, 14].

There was a larger proportion of the patients treated in the
hospital during the Shanghai epidemic who had underlying
diseases than in Wuhan two years previously. Most patients
who come to the fever clinic have fever or other symptoms
of respiratory tract infection, whereas many individuals with
COVID-19 with no obvious symptoms and are identified by
screening and sent to mobile hospital units.

In the comparative analysis of patients with COVID-
19-related pneumonia and other respiratory tract infections
in Shanghai, we found that there was no significant differ-
ence in body temperature between patients with COVID-
19-related pneumonia and those with other respiratory tract
infections. This shows that although the Omicron variant
spreads rapidly and has a wide range, its symptoms are
similar to those of other respiratory tract infections. Among
people with COVID-19, age over 60 years old and having
underlying diseases are risk factors for the occurrence of
pneumonia, but vaccination against the Omicron variant is
an important protective factor.

According to China's "Zero COVID-19" policy, active
surveillance, epidemiological investigation, and timely
nucleic acid testing can help to facilitate the rapid detection
of new cases, minimize the scope of screening, and stop
transmission [15]. Furthermore, enhanced health manage-
ment of the elderly, especially those with underlying dis-
eases, may help to reduce the incidence of severe and critical
pneumonia [16].

Conclusions

The outbreak of local cases in Shanghai was caused by the
Omicron variant, and vaccination with the COVID-19 vac-
cine provides protection against the development of severe
disease after Omicron infection. Since this study did not
include investigation of dynamic changes in laboratory
parameters of patients during the treatment process, this
needs to be addressed in future follow-up and research work.
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