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Purpose: Recently, the SARS-CoV-2 Omicron variant was identified as responsible for a novel wave of COVID-19 worldwide. We
perform a retrospective study to identify potential risk factors contributing to radiological progression in the COVID-19 patients due to
the Omicron variant infection. These findings would provide guiding information for making clinical decisions that could improve the
Omicron infection prognosis and reduce disease-related death.

Methods: This is a retrospective cohort study from a single center in China. According to the radiological change within admissive
one week, enrolled cases were divided into two groups: the progressive (1w-PD) and the stable or improved disease (1w-non-PD).
Separate analyses were performed on patients stratified into subgroups using the Mann—Whitney U-test, the Fisher exact test, or the
Chi-squared test and a multivariable logistic regression analysis.

Results: Both the 1w-non-PD and 1w-PD cohorts displayed comparable asymptomatic infection, have similar underlying disease,
impairment in respiratory function, coagulation dysfunction, tissue injury, SARS-CoV-2 viral load, and disease severity. However, the
1w-PD cohort was more inclined to cluster in populations presented with age between 41 and 65, higher CURB-65 scores,
undetectable SARS-CoV-2 IgG, and lung affection. Based on the multiple logistic regression analysis, complicated bilateral and
ground-glass opacities (GGOs) like pneumonia at admission were independent risk factors to radiological progression within
admissive one week.

Conclusion: This study provided preliminary data regarding disease progression in Omicron-infected patients that indicated the
development of pneumonia in the context of Omicron infection was worthy of potential risk factors.
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Introduction
Recently, the SARS-CoV-2 variant of concern, Omicron, was identified as responsible for a novel wave of COVID-19
worldwide.! In particular, this variant is the most heavily mutated one among all the variants of concern (VOC) so far,
and this paves the way for enhanced transmissibility and partial resistance to immunity induced by COVID-19
vaccines.”

Various concerns have been raised regarding the source of emergence, the effect of mutations in the response to
vaccinations, the influence of mutations on the modulation of host immunity, the spreading potency, and lethality.® As the
number of infected and severe cases is across the globe, there is a pressing need to investigate the clinical, radiological
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and laboratory characteristics in Omicron-infected patients. More importantly, it is essential to identify the population at
the highest risk of unfavorable outcomes if they were infected with Omicron.

To identify potential risk factors contributing to the progression of the COVID-19 disease due to the Omicron variant
infection, we performed a retrospective study based on 146 Omicron patients in Suzhou, China. These findings would
provide guiding information for making clinical decisions that could improve the Omicron infection prognosis and
reduce disease-related death.

Methods

Patients

All of COVID-19-infected cases were enrolled from February 13 to March 10, 2022 who hospitalized at The Fifth People’s
Hospital of Suzhou. Correspondingly, all patients had the SARS-CoV-2 Omicron Variant, which was confirmed by S gene
target failure (SGTF). All cases were defined according to the diagnostic and treatment guideline for COVID-19 pneumonia
issued by the National Health and Family Planning Commission of P.R. China (Version 8-9).

Data Collection

The data of all of the patients were collected from an electronic case report form and included the following:
demographic characteristics (age and sex), comorbidities, clinical symptoms, laboratory tests (blood routine test, arterial
blood gas analysis, and blood chemistry), severity of disease, SARS-CoV-2 viral load, images of the lung (chest CT), as
well as the CURB-65 score.

Study Design

This was a retrospective case-control study. We tested whether the cases had increased severity in the chest CT within
one week after admission, which was regarded as primary endpoint. According to the radiological change within
admissive one week, they were divided into two groups: the progressive (1w-PD) and the stable or improved disease
(1w-non-PD). Separate analyses were performed on patients stratified into these subgroups. The Ethics Committee of The
Fifth People’s Hospital of Suzhou approved this study (2022—-009).

Definition

The available chest CT images of each patient were reviewed by a senior radiologist blinded to the clinical data. The
radiological progression of COVID-19 was defined as meeting any one or both of following features: 1) enlarger
involvement; 2) new finding lung lesion. We also defined the interval from onset of diseases to the date of the first
COVID-19 RNA-negative result before discharge as the Omicron variant RNA shedding duration.

Statistical Analysis

Data were described as the median (interquartile range, IQR) or number (%). Comparisons of the features between the
different cohorts were performed using the Mann—Whitney U-test, the Fisher exact test, or the Chi-squared test to
compare proportions. To identify risk factors, we performed a multivariable logistic regression analysis adjusted for
baseline covariates. The receiver operating characteristic (ROC) curves were calculated to the value of the candidate
variables to indicate the exacerbation of COVID-19. Statistical analyses were performed using SPSS, version 24.0 for
Windows. The probabilities were two-tailed, and a two-tailed P value of <0.05 was considered significant.

Results

Overview in Omicron Infected-Patients

The chest CT scan was performed in all patients of the cohorts. Among the 146 patients, 16 did not receive repeated chest
CTs within one week after admission. Of the remaining 130 cases, 17 patients (13.08%) were found worsen in the chest
CT scan, and 113 (86.92%) achieved stable or improved chest CT scan within admissive one week (Figure 1). In a further
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The Omicron infected cohort
(n=146)

Exclusion: 16 cases did not received
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repeated chest CT within 1 week
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130 cases were included for
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17 cases had progression in 113 cases achieved stable or
chest CT within 1 week improved lung image
(1w-PD) (1w-non-PD)

Figure | Flow chart detailing the selection of the patients in this study.

investigation, these participants were stratified by the one-week progression (1w-PD cohort, n = 17) and the one-week
non-progression (1w-non-PD cohort, n = 113).

In terms of treatment in window of investigation, all cases received the Chinese traditional medicine and medical
surveillance. Low molecular weight heparin calcium (LMWHC) was administrated in 64.71% cases in 1w-PD and
13.27% cases in 1w-non-PD cohort, respectively. Thymosin was administrated in 52.94% cases in 1w-PD and 23.89%
cases in 1w-non-PD cohort, respectively. Neutralization antibody was injected in 23.53% cases in 1w-PD and 14.16%
cases in 1w-non-PD cohort, respectively. In addition, no cases received corticosteroid treatment, antibiotics, and anti-

virus therapy.

Demographic Feature in Omicron Infected-Patients

As shown in Table 1, the proportion of males in the 1w-PD and the 1w-non-PD cohorts were comparable (52.94% vs
53.10%, respectively, P = 0.990). The median age of the 1w-PD cohort was 57.0 years old, which was older than that in
the 1w-non-PD cohort (36.0 years old, P = 0.02). Precisely, of the patients in the 1w-PD vs the 1w-non-PD cohort, 5.88%

Table | Characteristics of the COVID-19 Subjects

Iw-PD | Iw-non-PD | P value
Age (subgroup, yrs, n) 0.033
<18 | 8
1940 4 67
41-65 8 25
>65 4 13
Gender 0.990
Male 9 60
Female 8 53
Underlying disease
Yes 5 21 0.298
Hypertension 4 16 0.318
Diabetes | 3 0.472
Chronic-airway diseases 0 4 0431
Hepatic disease 0 3 0.497
Malignant disease | 2 0.292
Infection and Drug Resistance 2022:15 htps: 7129
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vs 7.08% were <18 years old, 23.53% vs 59.29% were 19—40 years old, 47.06% vs 22.12% were 41-65 years old, and
25.53% vs 11.50% were >65 years old.

The history of underlying diseases was similar between the 1w-PD cohort and the 1w-non-PD cohort (29.41% vs
18.58%, P = 0.298). No significant difference in the history of hypertension, diabetes, chronic-airway diseases, hepatic
disease, and malignant diseases between the two cohorts was observed (P > 0.05). No other self-reported diseases
(including allergic rhinitis and autoimmune disease) were declared.

Clinical Manifestations in Omicron Infected-Patients

Upon admission, nearly half of the patients in both cohorts (52.94%, in 1w-PD cohort and 63.72% in 1w-non-PD cohort)
were asymptomatic. In brief, there were no significant differences in fever, cough, dyspnea, myalgia, nasal congestion,
and pharyngodynia between the two cohorts (35.29% vs 29.20%, 41.18% vs 33.63%, 0.00% vs 0.88%, 11.76% vs
11.50%, 0.00% vs 10.62%, and 23.53% vs 30.97%, P > 0.05 for each). Hence, we could not predict the disease
progression based on the initial clinical manifestations.

Comparison of Biological Analyses in Both Cohorts
As shown in Table 2, the median levels of white blood cells, lymphocytes, and platelets in the 1w-PD cohort were similar
to those of the 1w-non-PD cohort (P > 0.05 for each). In terms of organ function, the levels of alanine aminotransferase
(ALT), total bilirubin (TBIL), blood urea nitrogen (BUN), creatinine (Cr), NT-pro-BNP and troponin I (Tnl), and lactate
dehydrogenase (LDH) were also comparable between the 1w-PD cohort and the 1w-non-PD cohort (P > 0.05, for each).
Furthermore, comparable levels of PT, APTT, FDP, and AT-IIIA were observed in the 1w-PD cohort and the 1w-non-PD
cohort (P > 0.05 for each). However, the serum hsCRP in the 1w-PD cohort was relatively higher than in the 1w-non-PD
cohort (P = 0.010), suggesting that systematic inflammation was increased in the population of the Iw-PD cohort.
Accordingly, as shown in Table 3, lymphopenia, thrombocytopenia, acute liver injury, acute cardiac injury, and
coagulation were both observed in the 1w-PD cohort and the 1w-non-PD cohort, and they were similar to each other (P >

Table 2 Laboratory Test Data

Iw-PD Iw-non-PD P value

Blood cell count

WBC (x10%/mL) 6.90 (5.05-7.63) 6.26 (5.25-7.40) 0.725

Ly (x10%/mL) 0.96 (0.64-1.51) 1.05 (0.69-1.44) 0.937

PLT (x10°/mL) 209.00 (166.00-259.50) | 214.00 (178.50-251.50) 0.686
Coagulation function

DD (ug/L) 210.00 (135.00-420.00) | 230.00 (150.00—410.00) 0.629

PT (s) 16.50 (14.85-18.60) 17.30 (14.95-19.00) 0.727

APTT(s) 32.80 (27.55-38.70) 30.30 (26.85-34.25) 0.231

FDP (g/L) 1.98 (1.64-2.68) 1.98 (1.38-3.10) 0.885

ATIIA (%) 110.10 (90.75-141.35) 108.50 (96.20-134.25) 0.926
Liver function

ALT (U/L) 33.00 (26.50—43.00) 32.00 (26.00—40.00) 0.638

TBIL (mmol/L) 8.60 (7.80—12.00) 7.60 (5.60—11.40) 0.091
Kidney function

Cr (umol/L) 58.20 (41.65-77.40) 61.60 (45.20-71.10) 0.796

BUN (mmol/L) 451 (4.05-6.19) 4.40 (4.40-5.38) 0.095
Cardiac injury

TnT (pg/mL) 4.00 (0.01-7.00) 4.00 (3.00-6.00) 0.708

NT-pro-BNP (ug/mL) 34.00 (21.00-127.00) 34.00 (19.50-68.00) 0.590

LDH (U/L) 265.00 (185.50-360.00) | 233.00 (178.50-382.00) 0.714
Inflammatory biomarker

hsCRP (mg/L) 5.92 (1.55-10.70) 391 (1.53-8.52) 0.010
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Table 3 Initial Disease Evaluations

Iw-PD Iw-non-PD | p value
Complication (n)
Lymphopenia 10 65 0919
Thrombocytopenia 2 6 0.158
Acute kidney injury 3 0.018
Acute liver injury 0 8 0.257
Acute cardiac injury 2 0.069
Coagulation 8 58 0.743
Clinic classification
Non-severe 17 110 0.497
Severe 0 3
CURB-65 score 0.041
0 I 96
=| 6 17

0.05 for each). Unexpectedly, more patients in the 1w-non-PD cohort suffered from acute kidney injury, compared to
those in the 1w-PD cohort (P = 0.018).

Distinct Disease Severity of Patients with Radiological Progression Within Admissive
One Week

As shown in Table 3, at admission, 0 patient (0.00%) in the 1w-PD cohort and 3 patients (2.65%) in the 1w-non-PD
cohort were categorized with severe pneumonia (P > 0.05). Although the CURB-65 score in the 1w-PD cohort was
comparable to that of the 1w-non-PD cohort, more patients with admissive CURB-65 scores >1 were noticed in 1w-PD
cohort (35.29% vs 15.04%, P = 0.041).

Vaccination, SARS-CoV-2 IgG, Viral Load in Omicron Infected-Patients Displaying

Radiological Progression Within Admissive One Week

The SARS-CoV-2 IgG was analyzed among all of the Omicron-infected subjects (Table 4). In the 1w-PD cohort (n = 17),
nine (52.94%) patients were not detected with serum SARS-CoV-2 IgG, and this was higher than that in 1w-non-PD
cohort (28.32%, P = 0.042).

Table 4 also shows the SARS-CoV-2 viral load of all the Omicron-infected subjects in which two cohorts had
comparable RT-PCR cycle threshold values (Ct value). This result suggested that the SARS-CoV-2 viral load could not
be used to predict the disease progression of people who are hospitalized with Omicron. Consequently, radiological
progression within admissive one week (1w-PD cohort) delayed viral shedding compared to that of 1w-non-PD cohort
(13.06 d [7-19] vs 10.91 [2-22], P = 0.015).

Radiological Findings in Both Cohorts

As shown in Table 5, the lung opacities in the initial chest CTs were observed in 16 (16/17, 94.12%) and 13 (13/
113, 11.50%) cases in the 1w-PD cohort and the 1w-non-PD cohort, respectively (P < 0.001). Furthermore, more
patients in the 1w-PD cohort exhibited bilateral and multi-lobar distribution of lung opacities, which was
significantly higher than that of the 1w-non-PD cohort (58.82% vs 7.96%, P < 0.001; 29.41% vs 3.54%, P =
0.002). Additionally, ground-glass opacity (GGO) was more common in the 1w-PD cohort than in the 1w-non-PD
cohort (58.82% vs 7.96%, P < 0.001).

Infection and Drug Resistance 2022:15 hetps: 7131
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Table 4 SARS-CoV-2 IgG and Viral Loads

Iw-PD Iw-non-PD P value
SARS-CoV-2 IgG 0.042
Pos 8 8l
Neg 9 32
O Cy values 26.85+6.82 28.1946.27 0.418
N C+ values 26.70+6.58 28.26+5.79 0311
O C values 0.132
228 6 62
<28 I 51
N C+ values 0.359
228 7 60
<28 10 53
O C values 0.222
Decrease 5 51
Increase 12 62
N C+ values 0411
Decrease 5 45
Increase 12 68
RNA shedding duration, d | 13.06 (7.00-19.00) | 10.91 (2.00-22.00) 0.015

Table 5 Initial Radiologic Findings and the One-Week Progression

Iw-PD Iw-non-PD P value
Pneumonia
Yes 16 13 <0.001
No | 100
Bilateral pneumonia
Yes 10 9 <0.001
No 7 104
Multi-lobar pneumonia
Yes 5 4 0.002
No 12 109
Features 0.01
GGO 10 9
Crazy-paving pattern |
Consolidative 6 4
GGO-pneumonia
Yes 10 9 <0.001
No 7 104

Risk Factors of Radiological Progression Within Admissive One Week in the Omicron
Variant-Infected Patients

To explore the potential risk factors for radiological progression within admissive one week in all participants
(Table 6), we first selected eight candidate variables based on the data above. We then placed them into the
logistic regression model. According to the univariate analysis, Omicron-infected patients with ages >40 yrs (OR
3.627, 95% [CI] 1.196-10.996, P = 0.023), SARS-CoV-2 IgG <10 Au/mL (OR 0.351, 95% [CI] 0.125-0.990,
P =0.048), CURB-65 >1 scores (OR 3.080, 95% [CI] 1.005-9.445, P = 0.049), bilateral pneumonia (OR 16.508,
95% [CI] 5.063-53.821, P = 0.000), multi-lobar pneumonia (OR 11.354, 95% [CI] 2.680-48.096, P = 0.001),
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Table 6 Univariate Analysis of the Risk Factors for Disease
Progression in the Omicron Cohort

Variable Univariate Analysis OR (95% CI) | P value
Age = 40 (y) 3.627 (1.196-10.996) 0.023
Clinical manifestations 0.641 (0.229-1.788) 0.395
SARS-CoV-2 IgG (neg) 0.351 (0.125-0.990) 0.048
CURB-65 score = | 3.080 (1.005-9.445) 0.049
Bilateral pneumonia 16.508 (5.063-53.821) 0.000
Multi-lobar pneumonia 11.354 (2.680—48.096) 0.001
GGO-pneumonia 16.508 (5.063-53.821) 0.000

and GGO-pneumonia (OR 16.508, 95% [CI] 5.063-53.821, P = 0.000) were associated with a higher risk of
radiological progression within admissive one week.

Furthermore, according to the stepwise forward logistic regression model, two variables were identified as risk
factors for radiological progression within admissive one week (Figure 2). In detail, by treating the GGO-
pneumonia as a reference, it yielded an OR of 7.288 (95% CI, 1.677-31.670, P = 0.008). Furthermore, bilateral
pneumonia was found to be the second most important risk factor, with an OR of 7.530 (95% CI, 1.402-40.426,
P =0.019).

Finally, the initial chest CT finding indicating progression within admissive one week was analyzed using the
ROC curve. As shown in Figure 3, sensitivity and specificity for the “GGO-pneumonia” were found to be 92.0%
and 58.8%, respectively, and the area under the curve (AUC) was 0.754. The sensitivity and specificity of the
“bilateral pneumonia” were 92.9% and 58.8%, respectively, and the AUC was 0.759. Interestingly, this was
indicated that the combination of the “GGO-pneumonia” and the “bilateral pneumonia” showed better perfor-
mance for the clinical prediction of radiological progression within admissive one week, when the sensitivity and
specificity were found to be 90.3% and 82.4%, and the AUC was 0.858.

Discussion

In previous studies, a different pattern of characteristics and outcomes in patients hospitalized with COVID-19 was
observed in the recent Omicron wave compared to earlier waves, with a decrease in the severity and mortality." In this
study, the total exacerbation rate for Omicron-infected patients was up to 13.08%. Therefore, it is still essential to
ascertain the predictors that might help clinicians to identify the risky patients with Omicron quickly at an early stage. We
systematically analyzed the clinical characteristics, disease progression and risk factors of Omicron-infected patients
from a single center in China.

Variable
OR (95%Cl) p-value

Age=40 (y) H—e— 2.980 (0.607-4.634) 0.179
Clinical manifestations 0.497 (0.132-1.877) 0.303
COVID-19 vaccination booster ta4— 0.414 (0.055-3.146) 0.394
SARS-CoV-2IgG F—— 1.038 (0.223-4.821) 0.962
CURB-65 score=1 Ff——— 0.743 (0.147-3.763) 0.720
Bilateral pneumonia [ * | 7.530 (1.402-40.426) 0.019
Multi-lobar pneumonia 1@—— 0.487 (0.061-3.870) 0.496
GGO-pneumonia f i i 7.288 (1.677-31.670) 0.008

I T 1 L 1 T 1

0 4 8 124 30 36 42

Figure 2 Multivariate analysis of the risk factors for radiological progression within admissive one week in the Omicron cohort. GGO-pneumonia yielded an OR of 7.288
(95% ClI, 1.677-31.670, P = 0.008). Bilateral pneumonia was found to be the second most important risk factor with an OR of 7.530 (95% ClI, 1.402-40.426, P = 0.019).
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Figure 3 Predictive value of the initial radiologic finding to progression within admissive one week in the Omicron cohort. The combination of “Bilateral pneumonia” and
“GGO-pneumonia” had a better ability in indicating disease progression in the Omicron cohort.

First, the middle-aged adults observed in Omicron-infected patients may have contributed to the progression of the
disease. This risk factor has been identified in previous studies,*> while it has not been reported so far that the Omicron-
infected patients aged 41-65 were prone to progress. Sometimes, it has also been suggested that patients with well-
controlled comorbidities have a comparable risk of disease progression as those with health conditions.®

In addition, several previous studies have shown that patients with Omicron infection were often accompanied by
little clinical presentation, and the proportion of asymptomatic cases in the Omicron wave was higher than that in the
previous wave.'”’ Unexpectedly, our study demonstrated that a comparable proportion of asymptomatic cases was
observed between the 1w-PD cohort and the 1w-non-PD cohort, and this did not elucidate the role of initial clinical
manifestations in the prediction of the prognosis of Omicron-infected patients. In addition, the transmission from
asymptomatic cases was also an important consideration for separating these patients from the others.

Similarly, although lymphopenia and the elevation of neutrophils were widespread manifestations in patients with
COVID-19,* we did not establish lymphopenia and thrombocytopenia as independent risk factors for exacerbation in
Omicron-infected patients. We then introduced the hsCRP to a statistical analysis. As a biomarker, although the hsCRP
might be associated with the exacerbation of Omicron infection in the Chi-squared test, the multivariate analysis
indicated that it was not an independent early predictor for Omicron infection acceleration.

Several previous studies have shown that in addition to being capable of causing pneumonia, COVID-19 may also cause
damage to other organs and systems such as the heart, liver, blood coagulation system, and kidneys.**® In the present study,
we reported that similar extra-pulmonary complications were observed in the 1w-PD cohort and 1w-non-PD cohort, but
acute kidney injury seemed to be associated with the exacerbation in Omicron-infected patients during hospitalization.

In particular, the correlation of the Ct value with the viral load has been established in prior studies.'®'" Liu et al
reported that higher viral loads might be associated with severe clinical outcomes.'? There were observations that
children with symptomatic disease had lower Ct values from respiratory specimens, but this result was in contrast to
recently published data from Hurst et al.'>"'> However, our data showed that no significant difference in the viral load
was seen between the 1w-PD cohort and the 1w-non-PD cohort. An increased viral load in addition to higher Ct values
may not account for Omicron infection acceleration. It is possible that while the Ct value was lower for a few patients,
a robust immune response and decreased pathogenicity spared them from more progressive disease manifestations.
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Alternatively, considering that the vaccination strategy might be of benefit for the recovery of patients with COVID-
19 and reduce the transmission probability of SARS-CoV-2,'%!7
patient EHRs. It was noted that two cohorts displayed the diversity of vaccine and immunization. Due to the limitation of

we reviewed the COVID-19 vaccination histories in

the single-center, a small-sample, and a retrospective study, our data could not update knowledge regarding the level of
protection of the current vaccination for Omicron infection. Although it has been reported that the Omicron variant can
escape immune surveillance,'® we found that more cases of the 1w-non-PD cohort had detectable SARS-CoV-2 IgG.
Therefore, it was hypothesized that current COVID-19 vaccines would protect in reducing disease progression in
vaccinated individuals. The potential impact of the COVID-19 vaccine is still being analyzed against this new variant
to further investigate whether the antigen epitopes recognized by the vaccine-induced T cells are shifted.'®

Finally, we hypothesized that the initial lung change may be the forerunner of later progression that would further
degenerate into progressive pneumonia. This assumption was consistent with the previous theory that a gradual increase
in the density of lesions represented the development of COVID-19 pneumonia from the early stage to the peak stage.'’
As supported, the initial “bilateral pneumonia” and “GGO-pneumonia” were two independent early predictors for
Omicron variant disease progression, and the combination of “GGO-pneumonia” and ‘“bilateral pneumonia” showed
the better performance for the clinical prediction of the one-week progression. This result suggested that the differences
in outcomes between the 1w-PD cohort and the 1w-non-PD cohort were largely attributed to differences in the initial
lung change. This may have important implications in response to new policy interventions.

Conclusions

Our study provided a preliminary understanding of the clinical course in patients with Omicron variant infection.
Comparably, the impairment in respiratory function, coagulation dysfunction, and tissue injury were not associated
with disease progression. Instead, increased age and initial lung change might have contributed to acquiring more risk
factors for developing progressive pneumonia. These findings can help us assess the status of the disease in Omicron
patients during hospitalization and provide direct advice for the strategies of clinical interventions. In the future, there
is much work yet to be performed to understand these changes entirely. We also need to determine if the results are
affected by preexisting acquired or natural immunity in the context of vaccination and the Omicron wave.
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