Zhang et al. BMC Infectious Diseases ~ (2025) 25:577 BMC Infectious Diseases
https://doi.org/10.1186/s12879-025-10894-7

: . : ®
Viral sepsis-induced mortality of older Gk

patients infected by the Omicron subvariant
BA.5 of SARS-CoV-2: a retrospective study

Yu Zhang'", Jiaxin Li*', Chenglei Su?, Xianliang Yan??, Jianguo Zhang'" and Zhimin Tao'#"

Abstract

Background The infection by the Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
among the older population induced viral sepsis and put them at high risk of severity and mortality.

Methods We retrospectively investigated 268 patients infected with the Omicron variant of SARS-CoV-2 and hos-
pitalized in two tertiary medical centers in Jiangsu Province, China, from December 2022 to January 2023, who met
the Sepsis- 3 criteria. Patients were divided into the survivor (n =111) and non-survivor (n =157) groups, and their
baseline clinical characteristics, including their demographic information, medical history, clinical manifesta-

tion, laboratory test results, arterial blood gas profiles and computed tomography (CT) patterns, were compared
between the two groups to evaluate the risk factors for in-hospital death caused by viral sepsis.

Results The median age of the patients hospitalized was 78.5 (IQR: 71.3-84.8), and 69.0% of them were male. 45.9%
of the patients were aged >80 years. From illness onset to hospitalization the median length of time was 7 days,
while the duration of hospitalization was 10.0 days (IQR: 6.0-20.8) and the stay in the intensive care unit (ICU) was 7.0
days (IQR: 4.0-14.0). The median cycle threshold (Ct) values for ORF1ab and N gene amplification were 30.3 and 29.2,
respectively. Hypertension, diabetes, and cardiovascular diseases prevailed in the patients’comorbidity list. After
laboratory parameters, arterial blood gas exchange profiles, and radiological patterns were examined, a substantial
impact of multiple organ dysfunctions induced by Omicron subvariant BA.5 infection was observed in both groups.
As a result, the Sequential Organ Failure Assessment (SOFA) score was significantly factorial in the in-hospital mortality
of older patients with COVID-19 (a fatality rate of 58.6%), consistent with determinants in death from non-viral sepsis.

Conclusion With the Omicron subvariants having lower pathogenicity but higher transmissibility compared to pre-
Omicron variant of concern (VOC), the older population remains the most vulnerable to COVID-19 infection, which
could lead to sepsis and septic shock, highlighting the importance of timely booster vaccinations.
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Introduction

Geriatric risks related to the coronavirus disease 2019
(COVID-19) have been recognized since the onset of
the pandemic, as infections by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in older adults
are often associated with poor prognoses due to the age-
related changes in the immune system [1]. Compared to
younger adults, older patients with COVID-19 were at
higher risks for viral infection, and once infected, they
tended to experience worse clinical outcomes [2-4]. In
addition to immunosenescence, the presence of hyper-
inflammatory conditions in older patients with at least
one comorbidity may lead to more rapid disease progres-
sion after infection [3, 4].

SARS-CoV-2 has wundergone constant mutations
through the pandemic, resulting in the emergence of
numerous variants. Among them, five variants (ie.,
Alpha, Beta, Gamma, Delta, and Omicron) have been
classified as Variants of Concern (VOCs) due to their
elevated capacities of transmission and immune evasion
[5]. Following a shift in COVID-19 containing policy
in China on December 7, 2022, an outbreak of SARS-
CoV-2 infection occurred. Within the next month, it was
reported that 82.4% of the Chinese population had been
infected, where the dominant strains were the Omicron
subvariants BA.5.2, BE.7, and their descendants at that
time [6-8]. Both BA.5.2 and BE.7 (i.e., BA.5.2.1.7) belong
to the BA.5 sublineage with higher transmissibility and
shorter incubation time than the Delta variant or the
prior Omicron subvariant BA.2 [9-11]. The pooled time-
varying reproduction number for this Omicron subvari-
ant infection cross China was estimated to be 4.7 [12].
Although the animal studies have suggested BA.5 may
possess higher pathogenicity than BA.2, clinical research
has revealed similar hospitalization odds and disease
severity among infected individuals by these different
Omicron subvariants, and persistently lower severity
compared to that caused by the Delta variant [13—15].

During the early waves of SARS-CoV-2 infection, a sig-
nificant proportion (77.9%) of patients with COVID-19
in the ICU met the criteria for sepsis, among which the
prevalent organ dysfunction (87.5%) was acute respira-
tory distress syndrome (ARDS) [16]. After the Omicron
BA.5.2/BF7 infection swept through China, over 20%
of hospitalized patients with SARS-CoV-2 had bacterial
coinfections, and 30% of those with bacterial coinfection
developed severe cases [17]. Therefore, severe patients
with COVID-19, whether suffering from viral infection
or secondary bacterial infection, often display character-
istics of sepsis that present systemic inflammation, par-
ticularly among older individuals.

In this study we investigate the clinical characteris-
tics and outcomes of critically ill older patients with
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COVID-19 and sepsis who were hospitalized during the
Omicron subvariant BA.5 wave in China from December
2022 to January 2023. With an aim to illustrate the risk
factors associated with the in-hospital death among older
patients caused by sepsis, we strive for the key implica-
tions for the geriatric risks posed by the ongoing and
future threats of COVID-19.

Methods

Patient information

The retrospective study included critically ill older
patients (> 60 years old) who were admitted into the
ICUs at Affiliated Hospital of Jiangsu University (AHJU)
in Zhenjiang city, and Affiliated Hospital of Xuzhou
Medical University (AHXMU), both in Jiangsu Province,
China, from December 7, 2022 to January 31, 2023. They
were confirmed with SARS-CoV-2 infections by following
procedures reported [18]. Given medical emergency at
the time, all geriatric patients included in our study were
either directly admitted into the ICU due to their critical
conditions upon hospital visits or transferred to the ICU
after their hospital admissions due to rapid deterioration.
Patient selection and exclusion criteria were illustrated in
Fig. 1. Based on their outcomes, they were retrospectively
divided into the survivor group (n =111) and non-survi-
vor group (1 =157). The study was conducted in accord-
ance with the Declaration of Helsinki and approved by
the Research Ethics Commission of AHJU and AHXMU,
respectively. Patient information remained anonymous,
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Fig. 1 The flowchart illustrates the patient selection and exclusion
criteria
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and informed consents were obtained from the patient or
next of kin over the phone.

Procedure

Patients infected by the Omicron variant of SARS-CoV-2
were hospitalized and treated as reported [18]. Demo-
graphic data, medical history, clinical characteristics,
arterial blood gas exchange profiles, and CT scans of
patients with COVID-19 were obtained. The confirmed
patients were treated with antiviral drugs, including
nirmatrelvir/ritonavir, azvudine, and corticosteroids.
Antibiotics were prescribed when bacterial co-infection
was suspected or confirmed. Patients were evaluated for
SOFA scores upon ICU admission and those who met the
criteria of Sepsis-3 were diagnosed as sepsis [19]. Briefly,
organ dysfunction in patients with sepsis can be quanti-
tatively assessed as SOFA score >2; moreover, with per-
sistent hypotension after fluid resuscitation that requires
vasopressors to maintain MAP > 65 mmHg, patients hav-
ing serum lactate level >2 mmol/L can be diagnosed as
septic shock. Patients can also be promptly identified at
the bedside using quick SOFA criteria, including respira-
tory rate >22/min, altered mental status, and systolic
blood pressure <100 mmHg [19]. The survival status of a
patient was determined at the time of hospital discharge.

Statistical analysis

Data were summarized as median and interquartile range
(IQR) values for continuous variables, and frequencies for
categorical variables. For comparisons between the two
groups, Mann—Whitney U test was used for continuous
variables. Categorical variables were examined by ¥ test,
or Fisher exact text was used when data were limited. All
calculated p values were two-sided, and p values <0.05
were considered statistically significant. The selected var-
iables according to their clinical relevance and statistical
significance in univariate analysis (p< 0.05) were further
assessed by multivariable logistic regression to explore
the independent risk factors for in-hospital mortality
when the lower values of selected variables were chosen
as the reference group. All statistical analyses were per-
formed using SPSS version 16.0 (SPSS Inc., Chicago, IL).

Results

Baseline characteristics of older patients infected

by the Omicron subvariant BA.5 of SARS-CoV-2

In this study 268 older patients infected by the Omicron
variant of SARS-CoV-2 were hospitalized at two medi-
cal centers in Jiangsu Province, China, during Decem-
ber 2022-January 2023. Among these patients, 199
patients (74.3%) were admitted directly to ICUs upon
hospitalization, while the remaining 69 patients (25.7%)
had the median time of 6.0 days (IQR: 3.0-11.5) from
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hospitalization to ICU admission. For all the patients
included, their median age was 78.5 years (IQR: 71.3—
84.8), and 45.9% of them were aged 80 years or higher
(Table 1). Additionally, 69.0% of the patients were male,
and 13.8% had a history of smoking. The median time
from illness onset to hospitalization was 7.0 days (IQR:
3.0-10.0). Their median durations of hospital and ICU
stays were 10.0 days (IQR: 6.0-20.8) and 7.0 days (IQR:
4.0-14.0), respectively. Compared to the survivor group,
the non-survivor group showed statistically similar age,
but much shorter length of hospital or ICU stays.

At the time of hospital admission, all patients were
tested for SARS-CoV-2 viral loads, and no statistically sig-
nificant differences were found between the survivor and
non-survivor groups based on the Ct values for ORFlab
or N gene amplification, respectively. The clinical presen-
tations of survivors and non-survivors were comparable,
with similar incidences of symptoms such as fever, cough,
dyspnea, expectoration, and chest distress, etc. Notably,
34.3% of the patients presented with disorder of con-
sciousness. Hypertension, diabetes, and cardiovascular
diseases were the most common comorbidities, followed
by cerebral infarction, chronic obstructive pulmonary
disease (COPD), and cerebral hemorrhage. Furthermore,
there were no statistically significant differences in the
proportions of patients with none, one, or two comorbid-
ities and more (i.e., multimorbidity) between the survivor
and non-survivor groups.

Laboratory parameters of older patients infected

by the Omicron subvariant BA.5 of SARS-CoV-2

Laboratory analyses revealed that the viral impact on the
patients’ blood profiles was notable (Table 2). Both survi-
vor and non-survivor groups showed similar abnormali-
ties in major blood cell counts, including leukocytosis,
neutrophilia, monocytosis, anemia, and thrombocytope-
nia; however, lymphocytopenia was more pronounced in
the non-survivor group. Coagulopathy was also compa-
rable between the two groups, shown by prolonged pro-
thrombin time and activated partial thromboplastin time
(aPTT), along with elevated fibrinogen level. Markedly,
the non-survivor group demonstrated a much higher
D-dimer level than the survivor group.

Results from the blood biochemical tests reflected the
organ dysfunctions in patients infected by the Omicron
subvariant BA.5 of SARS-CoV-2. While many biochemi-
cal indicators did not differ significantly between the sur-
vivor and non-survivor groups, the latter group exhibited
heightened levels of several parameters that included
alanine transaminase (ALT), aspartate transferase (AST),
blood urea nitrogen (BUN), creatinine, LDH (lactate
dehydrogenase), and CRP (c-reactive protein). Both
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Table 1 Demographic information, immunization record, comorbidity or multimorbidity, and clinical sign of the patients infected by
the Omicron subvariant BA.5 in Jiangsu Province, China during December 2022-January 2023 were compared between the survivor
and non-survivor groups. Data were summarized as median and IQR values for continuous variables, and frequencies for categorical

variables
Total (n=268) Survival (n=111) Non-survivor (n = 157) p value
Age 785 (71.3-84.8) 78.0 (70.0-84.0) 79.0 (72.5-85.0) 0.063
Patients aged >80 years 123 (45.9%) 45 (40.5%) 78 (49.7%) 0.139
Gender, female N (%) 83 (31.0%) 37 (33.3%) 46 (29.3%) 0482
Patients with smoking history 37 (13.8%) 14 (12.6%) 23 (14.6%) 0634
Onset to hospitalization, day 7.0 (3.0-10.0) 50(3.0-10.0) 7.0 (3.0-10.0) 0.182
Hospital day, day 10.0 (6.0-20.8) 13.0 (6.0-24.0) 9.0 (5.0-15.5) 0.004
ICU stay, day 7.0 (4.0-14.0) 9.0 (5.0-20.0) 6.0 (3.0-12.5) 0.003
Ct (ORF1ab) 303 (26.7-34.3) 31.1 (26.9-34.6) 29.8(26.1-34.3) 0718
Ct(N) 29.2 (25.7-33.0) 29.7 (26.4-32.8) 29.0 (25.7-33.1) 0921
Symptom
Fever 183 (68.3%) 71 (64.0%) 112 (71.3%) 0.201
Cough 168 (62.7%) 65 (58.6%) 103 (65.6%) 0.240
Dyspnea 167 (62.3%) 63 (56.8%) 104 (66.2%) 0114
Expectoration 159 (59.3%) 63 (56.8%) 96 (61.1%) 0471
Chest distress 111 (41.4%) 42 (37.8%) 69 (43.9%) 0317
Disorder of consciousness 92 (34.3%) 37 (33.3%) 55 (35.0%) 0.773
Fatigue 58 (21.6%) 29 (26.1%) 29 (18.5%) 0.134
Underlying chronic disease
Hypertension 155 (57.8%) 70 (63.1%) 85 (54.1%) 0.145
Diabetes 89 (33.2%) 36 (32.4%) 53 (33.8%) 0.820
Cardiovascular diseases 77 (28.7%) 32 (28.8%) 45 (28.7%) 0.976
Cerebral infarction 62 (23.1%) 20 (18.0%) 42 (26.8%) 0.095
COPD 26 (9.7%) 7 (6.3%) 19 (12.1%) 0.114
Cerebral hemorrhage 13 (4.9%) 3(2.7%) 10 (6.4%) 0.169
Number of comorbidities
0 58 (21.6%) 26 (23.4%) 32 (20.4%) 0.551
1 73 (27.2%) 31 (27.9%) 42 (26.8%) 0.831
2 84 (31.3%) 32 (28.8%) 52 (33.1%) 0456
>2 53(19.8%) 22 (19.8%) 31(19.7%) 0.998

groups showed unusually high values for LDH, CRP, and
glucose.

ICU panel of older patients infected by the Omicron
subvariant BA.5 of SARS-CoV-2

After hospitalization, all patients demonstrated del-
eterious development rapidly, and they were transferred
to ICU for critical care, where the SOFA and Glasgow
Coma Scale (GCS) scores were estimated. Compared
to the survival group, the non-survival group had sig-
nificantly higher SOFA and lower GCS scores (Table 3).
Although mean arterial pressures (MAPs) were compa-
rable between the two groups, the non-survival group
displayed a much higher lactate level and a much greater
portion of patients with septic shock.

Upon transfer to ICU, arterial blood gas profiles were
examined (Table 3). Compared to the survivor group, the
non-survivor group demonstrated similar pH levels and
partial pressure of carbon dioxide (PaCO,), but much
lower partial pressure of oxygen (PaO,) and oxygen sat-
uration (SO,). Simultaneously, the non-survivor group
required a considerably higher fraction of inspired oxy-
gen (FiO,). In analyzing the PaO,/FiO, (P/F) ratio that
defines severity of ARDS, the proportions of patients
with none (P/F >300 mmHg), mild (200 mmHg <P/F
<300 mmHg), moderate (100 mmHg < P/F <200 mmHg)
and severe ARDS (P/F <100 mmHg) were 21.3%, 28.4%,
28.7%, and 21.6%, respectively. The median P/F ratio was
significantly lower in the non-survivor group than in the
survivor group.
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Table 2 Baseline characteristics of patients infected by the Omicron subvariant BA.5 of SARS-CoV-2. Hematological profiles, including
blood cell counts, biochemical parameters and coagulation indicators were compared between the survivor and non-survivor groups.

Data were summarized as median and IQR values for continuous variables

Normal range Total (n =268) Survival (n=111) Non-survivor (n =157) p value
Blood cell count
White blood cells, x 10%/L 35-95 4(6.1-12.7) 4 (6.0-12.5) 4(6.1-12.8) 0.531
Neutrophils, x 10%/L 18-6.3 1(5.1-114) 0(4.5-11.3) 2(5.2-11.7) 0.486
Lymphocytes, x 10%/L 1.1-32 6 (0.4-0.8) 0.6 (04-0.9) 0.5 (04-0.8) 0.006
Monocytes, x 10%/L 0.1-06 4(0.3-0.7) 4(0.3-0.7) 4(0.2-0.7) 0.537
Red blood cells, x 10'%/L 43-58 0(3.4-44) 0(3.5-4.5) 9(3.3-4.3) 0373
Hemoglobin, g/L 130-175 121.0(103.3-133.8) 122.0 (108.0-136.0) 120.0 (99.5-131.0) 0358
Hematocrit, % 40-50 36.9 (32.0-415) 36.9(33.5-42.1) 36.5(31.5-41.1) 0497
MCV, fL 82-100 934 (89.9-97.3) 92.9(89.4-96.5) 934 (90.4-97.7) 0.257
MCH, pg 27-34 304 (29.2-31.6) 30.3(29.3-31.4) 30.5(29.2-32.1) 0.489
MCHC, g/L 316-354 3250(313.3-337.0) 325.0(314.0-337.0) 325.0 (313.0-337.0) 0657
RDW, % 11.5-17.8 13.2(12.8-14.2) 13.1(12.6-14.0) 134(129-143) 0.030
Platelets, x 10%/L 125-350 153.0(113.3-221.5) 165.0 (121.0-224.0) 149.0 (109.0-214.0) 0.129
MPV, fL 74-125 10.7 (9.8-11.8) 10.7 (9.8-11.7) 10.7 (9.8-11.8) 0.720
PDW, % 9-17 16.0 (12.4-16.6) 154 (11.7-16.5) 16.1 (13.0-16.7) 0.021
Coagulation function
Prothrombin time, s 9-13 124 (11.4-13.7) 122(11.3-13.2) 125(11.5-139) 0.058
INR 0.8-1.2 1.1(1.0-1.2) 1.1(1.0-1.2) 1.1(1.0-1.2) 0.024
aPTT, s 233-325 31.6(27.9-35.8) 31.5(28.6-35.8) 31.7 (27.3-35.9) 0.786
Thrombin time, s 14-21 15.6 (14.4-17.3) 15.6 (14.4-174) 15.6 (145-17.3) 0.876
Fibrinogen, g/L 2-4 44 (3.2-5.5) 43(3.2-5.1) 44 (3.2-56) 0419
D-dimer, mg/L <0.55 24(1.1-79) 1.7 (0.8-7.3) 26(1.3-8.6) 0.005
Biochemical indicators
Total bilirubin, mmol/L 3-22 11.0(7.1-17.0) 114 (7.7-18.3) 109 (6.6-16.1) 0.284
Direct bilirubin, mmol/L 0-5 4.7 (3.0-7.8) 45(3.1-85) 49(29-77) 0.737
Indirect bilirubin, mmol/L 0-19 59(3.4-9.0) 6.5(3.8-10.3) 5.7(3.3-83) 0.109
ALT, U/L 9-50 25.0(16.2-43.0) 23.0(14.0-37.0) 28.0(17.2-48.0) 0.035
AST, U/L 15-40 37.5(25.0-63.8) 34.5(25.0-51.9) 420 (254-683) 0.021
ALP, U/L 32-126 785 (61.3-102.0) 76.0 (59.0-98.0) 80.5 (64.0-111.5) 0.148
GGT, U/L 12-73 31.5(183-59.3) 280(17.0-57.0) 33.0 (20.0-62.5) 0.123
Total protein, g/L 65-85 59.1 (54.8-65.8) 58.6 (54.5-65.5) 59.6 (54.9-65.9) 0512
Albumin, g/L 40-55 31.8(284-352) 323(29.1-35.2) 31.0(27.7-35.3) 0.070
Globulin, g/L 20-40 27.6(23.9-315) 26.5(23.1-30.8) 28.5(24.9-32.1) 0.014
BUN, mmol/L 2.86-8.20 96 (6.0-16.2) 8.1(4.9-14.2) .6 (7.2-17.2) 0.001
Creatinine, mmol/L 31.7-133 81.9(57.3-147.8) 65.6 (53.0-101.9) 93.9 (62.0-162.1) 0.002
Glucose, mmol/L 3.89-6.11 8.3 (6.6-11.3) 8.2 (6.5-10.7) 8.3 (6.7-12.0) 0446
LDH, U/L 80-285 320.0 (236.0-473.3) 296.0 (212.0-402.0) 357.0(261.5-519.5) 0.001
CRP, mg/L 0-10 94.8 (46.5-150.3) 79.8(39.3-144.2) 1023 (59.7-154.7) 0.028
Potassium, mmol/L 35-53 39(3.5-44) 38(34-42) 4.0 (3.6-4.5) 0.003
Sodium, mmol/L 137-147 139.1 (135.1-143.0) 139.0 (135.0-142.9) 1394 (135.4-143.0) 0513
Total calcium, mmol/L 2.08-2.60 20(1.8-2.1) 20(1.8-2.1) 20(1.7-2.1) 0.908

Abbreaviation: MCV mean corpuscular volume, MCH mean corpuscular hemoglobin, MCHC mean corpuscular hemoglobin concentration, RDW red blood cell
distribution width, MPV mean platelet volume, PDW platelet distribution width, INR international normalization ratio, aPTT activated partial thromboplastin

time, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, GGT y-glutamyl transferase, BUN blood urea nitrogen, LDH lactate

dehydrogenase, CRP c-reactive protein
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Table 3 Upon ICU admission sepsis evaluations and arterial blood gas profiles for all patients infected by the Omicron subvariant BA.5
of SARS-CoV-2, with a comparison between the survivor and non-survivor groups. Data were summarized as median and IQR values

for continuous variables, and frequencies for categorical variables

Normal range Total (n= 268) Survival (n=111) Non-survivor (n= 157) p value
Sepsis evaluation
GCS score 12.0(9.0-14.0) 13.0(11.0-15.0) 11.0(6.0-12.0) <0.001
SOFA score 7.0 (5.0-10.0) 5.0(3.0-7.0) 9.0(7.0-11.0) <0.001
MAP, mmHg 95.5 (84.3-105.8) 95.0 (87.0-104.0) 96.0 (81.0-108.0) 0.966
Lactate, mmol/L 19(014-26) 1.7 (1.3-2.0) 22(15-3.1) <0.001
Septic shock 28 (10.4%) 4 (3.6%) 24 (15.3%) 0.002
Arterial blood gas profiles
pH 7.35-745 74(73-75) 74(74-75) 74(73-75) 0.448
PaCO,, mmHg 35-45 36.0(31.0-42.2) 353(31.5-42.2) 36.0(31.0-42.3) 0931
PaO, mmHg 80-100 78.1 (60.4-101.0) 86.9 (67.3-107.0) 71.5(57.6-98.3) 0.002
SO, % 95-100 96.0(92.1-98.2) 97.6 (94.5-98.8) 95.0(91.0-97.7) <0.001
FO, 0.4 (0.3-0.6) 04 (0.2-0.5) 0.5 (04-0.8) <0.001
Pa0,/Fi0, mmHg > 300 195.5 (115.0-277.2) 238.0 (179.0-368.0) 151.0 (90.8-241.4) <0.001

Abbreviations: MAP mean arterial pressure, PaCO, partial pressure of carbon dioxide, PaO, partial pressure of oxygen, SO, oxygen saturation, FiO, fraction of inspired

oxygen, PaO,/FiO, oxygenation index

Table 4 Variables (p < 0.05) with clinical relevance were
performed using multivariable logistic regression analysis
to explore the independent risk factors associated with the
in-hospital death of patients infected with the Omicron
subvariant BA.5

Variables Adjusted odds p value 95%
ratio (OR) Confidence
interval (Cl)
Lymphocytes, x10%L  0.869 0628 0491-1.535
D-dimer, mg/L 1.020 0.396 0.974-1.068
AST, U/L 1.000 0427 0.999-1.001
BUN, mmol/L 0.993 0.341 0.979-1.007
LDH, U/L 1.000 0.959 0.999-1.001
CRP, mg/L 1.002 0371 0.998-1.006
SOFA score 1456 <0.001 1.301-1.631
Lactate, mmol/L 1.000 0.997 0.866-1.155
SO, % 0.980 0.253 0.946-1.015

Multivariable logistic regression analysis was con-
ducted, including all variables with p< 0.05 from the
univariate analysis. The results, shown in Table 4,
indicated that the SOFA score (OR =1.456, 95% CI
=1.301-1.631, p< 0.001) is an independent risk factor
for in-hospital mortality among older patients infected
by the Omicron subvariant BA.5 of SARS-CoV-2,
despite comparable baseline characteristics between
the two groups.

CT features of older patients infected by the Omicron
subvariant BA.5 of SARS-CoV-2

Upon hospitalization, the CT scans of 256 patients,
including 110 in the survival group and 146 in the non-
survival group, were obtained and thoroughly examined
(Table 5). Examples that showed the typical pathologi-
cal changes in their lungs were displayed in Fig. 2. The
proportion of patients with characteristic CT patterns
in each group was calculated and compared between the
two groups. As a result, there were high incidences of fea-
tured pathological events in the patients’ lungs infected
by the Omicron subvariant BA.5 of SARS-CoV-2, such as
ground glass opacity (GGO), linear opacity, and pleural
effusion, showing predominant bilateral involvement and
peripheral + central distribution. There were no statisti-
cally significant differences in characteristic CT patterns
examined between the survivor and non-survivor groups,
except that the non-survivor group demonstrated higher
incidences of GGO + consolidation and air broncho-
gram, but a lower incidence of GGO alone.

Discussion

Our retrospective study examined the clinical manifes-
tation of 268 critically ill older patients (> 60 years old)
infected with the Omicron subvariant BA.5 of SARS-
CoV-2, all of whom met the criteria for Sepsis- 3. We
found a high fatality rate of 58.6% among these patients
with severe COVID-19 and induced sepsis. We divided
the patients into survivors and non-survivors and com-
pared their baseline characteristics and laboratory
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Table 5 Radiological features of patients infected by the Omicron subvariant BA.5 of SARS-CoV-2 were divided into two subgroups as

indicated and compared

Total (n= 256) Survival (n=110) Non-survivor (n = 146) p value
Lung involvement
Unilateral 2(0.8%) 1(0.9%) 1(0.7%) 1.000
Bilateral 254 (99.2%) 109 (99.1%) 145 (99.3%) 1.000
Predominant distribution
Central 1(0.4%) 1(0.9%) 0 (0.0%) 0430
Peripheral 46 (18.0%) 27 (24.5%) 19 (13.0%) 0.017
Central +Peripheral 209 (81.6%) 82 (74.5%) 127 (87.0%) 0011
Characteristic pattern
Ground glass opacity (GGO) 149 (58.2%) 73 (66.4%) 76 (52.1%) 0.022
Consolidation 1(0.4%) 1(0.9%) 0 (0.0%) 0430
GGO + Consolidation 94 (36.7%) 31(28.2%) 63 (43.2%) 0.014
Crazy paving pattern 83 (32.4%) 32(29.1%) 51 (34.9%) 0.323
Linear opacities 201 (78.5%) 85 (77.3%) 116 (79.5%) 0674
Rounded opacities 1 (0.4%) 1 (0.9%) 0 (0.0%) 0430
Halo sign 5(2.0%) 3(2.7%) 2 (1.4%) 0.748
Nodules 89 (34.8%) 32 (29.1%) 57 (39.0%) 0.098
Tree-in-bud sign 37 (14.5%) 17 (15.5%) 20 (13.7%) 0.692
Air bronchogram 88 (34.4%) 28 (25.5%) 60 (41.1%) 0.009
Interlobular septal thickening 91 (35.5%) 36 (32.7%) 55 (37.7%) 0413
Bronchiolar wall thickening 21 (8.2%) 5 (4.5%) 16 (11.0%) 0.064
Pleural effusion 144 (56.3%) 63 (57.3%) 81 (55.5%) 0.775
Pericardial effusion 38 (14.8%) 14 (12.7%) 24 (16.4%) 0.408

(Central + Peripheral) depicts the distribution of lesions in the central and peripheral regions of lungs. (GGO + Consolidation) means both patterns of GGO and

consolidation displayed in the CT graph of patient
Abbreviation: GGO ground-glass opacity

parameters to identify risk factors associated with in-
hospital mortality, so underlining the geriatric risks
linked to Omicron subvariant BA.5 infection. Factors
comprised of lymphocytopenia, elevated coagulopa-
thy or protein abnormality (D-dimer, AST, BUN, creati-
nine, LDH, and CRP), heightened SOFA score, lowered
GCS score, and increased barriers in arterial blood gas
exchange (increased lactate level and decreased SO, and
PaO,/FiO,), all putting older patients at high risk for
mortality. Among these, the SOFA score was determined
as the critical independent factor associated with mortal-
ity in older patients with COVID-19.

During the earlier Omicron BA.2 outbreak in Shanghai,
China from March to May 2022, the COVID-19 patients
aged 60 years and above with a higher burden of comor-
bidities showed higher inflammation responses and
viral loads, accounting for the worse clinical outcomes
[20]. For infections by the Omicron BE.7 subvariant, the
duration when the Ct value for viral gene amplification
remained below 35 was lengthier in older patients, indic-
ative of longer viral shedding [21]. Moreover, the clini-
cal characteristics of patients with COVID-19 during a
regional BA.5 Omicron wave indicated that advanced age

constitutes a significant and independent risk factor for
disease severity and mortality, probably due to elevated
inflammatory levels [22]. Consistently, for patients with
sepsis, age per se was an independent predictor of mor-
tality [19]. As of February 7, 2023, approximately 82.4%
of the Chinese population had been infected during
this Omicron wave in China [23]. Among them, 90% of
COVID-109 related deaths were occurring in individuals
aged > 65 years, and more than half of these deaths were
among individuals >80 years [24]. Simultaneously, as
of August 10, 2022, the rates of full (85.6%) and booster
(67.8%) vaccination in older adults in China were lower
than those in other countries, such as Japan (92.4%,
90.3%), Germany (91.2%, 85.9%) and the United States
(92.1%, 70.7%) [25].

Compared to pre-Omicron and other Omicron lineages
(e.g., BA.1, BA.2), BA.5 exhibited a heightened ability of
immune escape from previous infection or booster vac-
cination due to multiple novel mutations. For instance,
given their essential role in antibody recognition, R346
and F486 substitutions in the spike protein increase the
neutralization resistance to sera produced by booster
mRNA vaccine or prior Omicron infection [26]. In
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Fig. 2 Representative CT images of patients infected by the Omicron subvariant BA.5 of SARS-CoV-2 taken upon hospital admission,
from the survivor (A-C) and the non-survivor (D-F) group, respectively. Numbers in each image indicate the pathological findings in the lesion. 1=
GGO; 2 = nodules; 3= linear opacities; 4= bronchiolar wall thickening; 5 = interlobular septal thickening; 6 = crazy paving pattern; 7= consolidation;

8=air bronchogram; 9= pericardial effusion

particular, R346 T mutation in BE.7 promotes its capacity
to evade the therapeutical neutralization of monoclonal
antibodies [27]. As a result, the third dose of inactivated
vaccine, albeit it showed substantial protection, had
<50% effectiveness against the BA.5 Omicron infection
in China within three months post booster vaccination,
and this effectiveness declined significantly thereafter
[23, 28]. Similar reductions in vaccine effectiveness were
also observed when an additional dose of the mRNA vac-
cine was administered during periods dominated by suc-
cessive Omicron sublineages [29, 30]. Even though prior
vaccination did not confer a sustained and long-lasting
protection, a third or fourth dose of COVID-19 vaccines
significantly lowered the risk of hospital admission and
death, especially among older adults [31, 32]. To gain the
optimized immunity, especially in the older population,
a heterologous type of booster vaccine and a 4—5-month
interval between the full and booster doses have been
recommended [33, 34]. In addition, a variant-adapted
booster vaccination should be developed to effectively
restore the protection against the evolving SARS-CoV-2
[29].

Compared to prior Omicron subvariants, the Omicron
BA.5 exhibited comparable fusogenicity, infectivity, and
pathogenicity, leading to similar clinical severity and
organ injury [14, 35, 36]. Moreover, the BA.5 infection

tended to present with generalized symptoms rather
than primarily respiratory symptoms and become low
with pneumonia risk [22, 37]. Compared to prior BA.2,
BA.5 had higher asymptomatic infection and faster viral
clearance, although it produced lower antibody levels
more slowly [38, 39]. Yet, it still poses a significant threat
to high-risk groups that include seniors. CT imaging in
our study indicated that the pathological lesions were fre-
quently localized with bilateral lung involvement. Addi-
tionally, the proportions of patients with linear opacity,
GGO, and pleural effusion were more than half. This sug-
gests that a substantial number of infections among older
patients are occurring in the lower respiratory tract,
causing damage to deep lungs. Consistently, initial CT
manifestations upon hospital admission, including GGO
+ consolidation and air bronchogram, are prognostic of
in-hospital death for older patients with COVID-19. This
is aligned with previous reports [40, 41].

Leukocytosis, neutrophilia, lymphocytopenia, mono-
cytosis, and anemia were found common in older
patients with COVID-19, showing a sign of dysregulated
immunity because of viral infection and likely bacte-
rial co-infection. Those results are mirrored by previous
studies on the hematological abnormalities in the general
population induced by SARS-CoV-2 infection [2, 42—
44]. In addition, increased levels of D-dimer, LDH, CRP,
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creatinine and lactate were predictive of the COVID-19
mortality in older patients, in agreement with previous
reports [45-47]. In fact, both blood LDH and lactate
levels have been suggested as prognostic biomarkers for
mortality of patients with serious inflammatory diseases,
including sepsis and ARDS [48, 49]. Those results were
in line with our findings here, where the LDH and lactate
levels and the SOFA score were closely associated with
mortality of patients suffering from SARS-CoV-2 infec-
tion-induced sepsis. Among them, the SOFA score was
key determinant of mortality among older patients with
COVID-109.

Our study has several limitations. First, this is a retro-
spective and bicenter study. The patient number is rela-
tively small, and the lack of sufficient and complete data
limits the validation of regression analysis. For example,
the missing information of viral or bacterial co-infection
in patients made impossible assessment on its contribu-
tion in patients’ severity and mortality. Second, in the
patient groups we studied, IgG/IgM antibody produc-
tion due to either infection or/and immunization was
not tested. The ability to produce robust antibody and
the titer of antibody levels, if available, would have been
prognostic indicators in older patients. Third, this study
contains no continuous dataset during hospitalization,
such as the SOFA scores or serum cytokine levels over
time, which may otherwise render a better understanding
towards the disease profile of viral sepsis in patients with
COVID-109.

Conclusion

During the Omicron wave in China from December
2022 to January 2023, a staggering fatality rate of 58.6%
was observed among geriatric patients infected with the
Omicron sublineage BA.5 of SARS-CoV-2 and com-
pounded by viral infection-induced sepsis. Under this
circumstance the SOFA score was concluded as a criti-
cal independent risk factor for in-hospital mortality.
Although this strain displayed reduced pathogenicity
and elevated transmissibility compared to pre-Omicron
variant or prior Omicron subvariant, the ongoing cir-
culation of SARS-CoV-2 variants continued to threaten
the older population with the risk of sepsis or septic
shock, highlighting the pressing need for timely booster
vaccinations.
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