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Abstract

Background Despite current broad natural and vaccine-induced protection, a substantial number of patients
infected with emerging SARS-CoV-2 variants (e.g., BE.7 and BQ.1.1) still experience severe COVID-19. Real-life stud-

ies investigating the impact of these variants on clinical outcomes of severe cases are currently not available. We
performed a prospective multicenter observational cohort study. Adult patients with acute respiratory failure
admitted between December 7, 2021 and December 15, 2022, in one of the 20 participating intensive care units

(17 from the Greater Paris area and 3 from the North of France) were eligible for inclusion if they had SARS-CoV-2
infection confirmed by a positive reverse transcriptase-polymerase chain reaction (RT-PCR). Full-length SARS-CoV-2
genomes from all included patients were sequenced by means of next-generation sequencing. The primary endpoint
of the study was day-28 mortality.

Results The study included 158 patients infected with three groups of Omicron sublineages, including (i) BA.2
variants and their early sublineages referred as “BA.2" (n=50), (i) early BA.4 and BA.5 sublineages (including BA.5.1
and BA5.2, n=61) referred as “BA.4/BA.5" and (iii) recent emerging BA.5 sublineages (including BQ.1, BQ.1.1, BF.7,

BE.1 and CE.1, n=47) referred as “BQ.1.1". The clinical phenotype of BQ1.1-infected patients compared to earlier BA.2
and BA4/BA.5 sublineages, showed more frequent obesity and less frequent immunosuppression. There was no sig-
nificant difference between Omicron sublineage groups regarding the severity of the disease at ICU admission, need
for organ failure support during ICU stay, nor day 28 mortality (21.7%, n=10/47 in BQ.1.1 group vs 26.7%, n=16/61
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in BA.4/BA5 vs 22.0%, n=11/50in BA.2, p=0.791). No significant relationship was found between any SARS-CoV-2
substitution and/or deletion on the one hand and survival on the other hand over hospital follow-up.

Conclusions Critically-ill patients with Omicron BQ.1.1 infection showed a different clinical phenotype than other
patients infected with earlier Omicron sublineage but no day-28 mortality difference.

Keywords SARS-CoV-2, Omicron, Sublineage, COVID-19, Acute respiratory failure

Background

Since summer 2022, an unprecedented diversification of
SARS-CoV-2 Omicron variant sublineages has followed
the emergence and global spread of Omicron lineage
BA.2 and subsequently BA.5. Currently, BE.7, followed by
BQ.1.1 and the XBB.1.5 recombinant appear to be among
the fastest growing variants in the world [1]. BE7 is also
one of the dominant circulating variants in China since
restrictions policies were lifted in the country at the end
of 2022 [2]. These variants differ from the original BA.2
and BA.5 variants by several amino acid substitutions in
the receptor-binding domain (RBD) of the Spike protein
that induce key antigenic shifts with altered antibody
evasion properties [3, 4].

Although infection with the Omicron variant was
recently demonstrated to yield less severe disease than
other variants in critically ill patients [5], the relation-
ship between Omicron sublineages and the severity of
COVID-19 is not well understood. Preliminary animal
model studies suggest that some BA.2 descendants, such
as BA.5 and BA.2.75, might cause more severe disease
than their parental BA.2 [6, 7]. Conversely, the intrin-
sic pathogenicity of variant BQ.1.1 was reported to be
equivalent or reduced, as compared to that of BA.5 in a
hamster model [8]. No real-life studies investigating the
relationship between the newly emerging SARS-CoV-2
variants, including BE7 and BQ.1.1, and clinical out-
comes have been reported. During the first variant Omi-
cron wave in early 2022, almost 50% of patients admitted
to the intensive care unit (ICU) for acute respiratory fail-
ure were immunocompromised and they had a poor anti-
body response to vaccination [9]. The more recent BA.2
and BA.5 Omicron sublineages (e.g., BE7, BQ.1.1, and
XBB) have shown in vitro resistance to monoclonal anti-
bodies [10], a treatment option for immunocompromised
patients with severe COVID-19 [11]. Whether emerging
substitutions conferring resistance to monoclonal anti-
bodies are associated with different clinical outcomes has
not yet been investigated.

We hypothesized that emerging Omicron sublineages
could be associated with more severe COVID-19 and
different clinical presentation in critically ill patients.
In the present study, we thus compared the charac-
teristics of critically ill patients with acute respiratory
failure infected with the latest emerging SARS-CoV-2

sublineages circulating in France in autumn and win-
ter 2022, including BE7 and BQ.1.1 shown to have
acquired antibody neutralization escape capacity [10,
12, 13] referred as “BQ.1.1” group, with those of patients
infected with earlier BA.2 referred as “BA.2’, and earlier
BA.4 and BA.5 variants referred as “BA.4/BA.5” The
main objective of this study was to determine the asso-
ciation between Omicron sublineages, categorized into
three groups (i.e., BA.2, BA.4/BA.5, and BQ.1.1 groups),
and day-28 mortality. Secondary objectives were to
explore the association (1) between Omicron sublineages
and clinical features upon ICU admission and outcomes
during ICU stay; and (2) between specific viral muta-
tions/mutational patterns and day 28 mortality.

Patients and methods
Study design and patients
The current study is a substudy of the SEVARVIR study.
SEVARVIR is a prospective multicenter observational
cohort study. Patients admitted between December 7,
2021 and December 15, 2022, in one of the 20 partici-
pating ICUs (17 from the Greater Paris area and 3 from
the North of France, see Additional file 1: Table S1 for
the list of participating centers) were eligible for inclu-
sion in the SEVARVIR cohort study (NCT05162508)
if they presented with the following inclusion criteria:
age>18 years, SARS-CoV-2 infection confirmed by a
positive reverse transcriptase-polymerase chain reaction
(RT-PCR) in nasopharyngeal swab samples, admission in
the ICU for acute respiratory failure (i.e., peripheral oxy-
gen saturation (SpO,) <90% and need for supplemental
oxygen or any kind of ventilator support, including high
flow oxygen therapy, continuous-positive airway pres-
sure, and non-invasive or invasive mechanical ventila-
tion), patient or next of kin informed of study inclusion.
Patients with SARS-CoV-2 infection but no acute res-
piratory failure or with a RT-PCR cycle threshold (Ct)
value>32 in nasopharyngeal swabs were not included.
The study was approved by the Comité de Protection des
Personnes Sud-Méditerranée I (N° EudraCT/ID-RCB:
2021-A02914-37). Informed consent was obtained from
all patients or their relatives.

For this substudy focused on BA.2, BA.4 and BA.5-
infected patients (including sublineage BQ.1.1), we
decided to stop the inclusion period when the BQ.1.1
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sublineage epidemic dynamic started to decrease
in France (i.e., week 51, 2022). The inclusion period
started when the first patients infected with the BA.2
Omicron sublineage, which we thought was the most
relevant control group, were detected (i.e., week 12,
2021). Omicron sublineages were categorized into

A)

Group 1 « early BA.2 »

BA.2.3

Group 2 « early BA.4/BA.5 »
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three groups: “BA.2”, “BA.4/BA.5” and “BQ.1.1 group”
(Fig. 1A).

Demographics, clinical and laboratory variables
were recorded upon ICU admission and during ICU
stay. Patients’ frailty was assessed using the Clinical
Frailty Scale [14]. The severity of the disease upon ICU

Group 3 « BQ.1.1 group »

BA.2.9

BA.2 BA.2.12.1
BA.2.13
BA.2.23 |
I
I
BA.4 BA.4.1 |
1
(B) Patients included in the SEVARVIR study
between December, 7 2021 and December, 15
2022
N=486
Patients excluded:
¢ Delta variant: n=111
* Omicron BA.1 subvariant :
n=217
Patients with Omicron
BA.2, BA.4 and BA.5
sublineages
N=158
BA.2 group BA.4/5 group BQ.1.1 group
N=50 N=61 N=47

Primary outcome measure: Day-28 mortality

Fig. 1 A Diagram representing all SARS-CoV-2 Omicron lineages included in the study (starting from BA.2 and their descendant sublineages),
as designated by PANGOLIN (https://cov-lineages.org/). B Study flow chart. A total of 486 patients were included in the SEVARVIR study
between December, 7 2021 and December, 15 2022, with 158 patients infected with BA.2, BA4, and BA.5 Omicron sublineages, who were included

in this substudy
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admission was assessed using the World Health Organi-
zation (WHO) 10-point ordinal scale [15], the sequen-
tial organ failure assessment (SOFA [16]) score, and
the simplified acute physiology score (SAPS) II score
[17]. Acute respiratory distress syndrome (ARDS) was
defined according to the Berlin definition [18]. Ven-
tilator-acquired pneumonia was defined according to
current French guidelines [19]. COVID-19-associated
pulmonary aspergillosis (CAPA) was defined according
to ECMM/ISHAM consensus criteria [20]. Immunosup-
pression was defined as solid-organ transplant, active
onco-hematological malignancy (within the past three
years), HIV infection, long-term corticosteroid treatment
(i.e., more than three months of>0.5 mg/kg/day pred-
nisone equivalent), and exposure to any other immuno-
suppressive treatment. Obesity was defined as body mass
index > 30 kg/m?

The primary endpoint of the study was day-28 mor-
tality. Secondary endpoints included need for invasive
mechanical ventilation during ICU stay, number of live
ventilator-free days at day 28, and need for extracorpor-
eal membrane oxygenation support (ECMO) during ICU
stay.

SARS-CoV-2 variant determination

The full-length SARS-CoV-2 genomes were sequenced
by means of next-generation sequencing. Briefly, viral
RNA was extracted from nasopharyngeal swabs in viral
transport medium using NucliSENS® easyMAG kit on
EMAG device (bioMérieux, Marcy-I'Etoile, France).
Sequencing was performed with the Illumina COVIDSeq
Test (Illumina, San Diego, California), that uses 98-tar-
get multiplex amplifications along the full SARS-CoV-2
genome [21]. The libraries were sequenced with NextSeq
500/550 High Output Kit v2.5 (75 Cycles) on a NextSeq
500 device (Illumina). The sequences were demultiplexed
and assembled as full-length genomes by means of the
DRAGEN COVIDSeq Test Pipeline on a local DRAGEN
server (Illumina). Lineages and clades were interpreted
using Pangolin and NextClade [22]. For mutational pat-
tern analysis at the amino acid level, only high-quality
sequences, i.e., sequences covering>90% of nucleotides
of the full-length viral genome and 95% of the spike gene,
were considered.

Key amino acid substitutions in spike in the BQ.1.1
group spike were defined compared to its direct pro-
genitor BA.5. BQ.1.1 has indeed some additional spike
mutations in some key antigenic sites, which confer
further immune escape ability over pre-existing line-
ages (e.g., deletion (Del)69/70, Del140, other N-termi-
nal domain amino acid mutations, R346T/I, K444T/R,
L4552R, N460K, A484T/V, F486V, other S1/Receptor
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Binding Domain substitutions and S2 substitutions).
Full-length viral genome sequence analysis vyield-
ing high coverage have been deposited in Genbank
(GenBank accession numbers OQ423331-0Q423468;
https://www.ncbi.nlm.nih.gov/genbank/).

Statistical analysis
Descriptive results are presented as mean (+standard
deviation [SD]) or median (1st-3rd quartiles) for con-
tinuous variables, and as numbers with percentages for
categorical variables. Two-tailed p-values<0.05 were
considered statistically significant. Unadjusted com-
parisons between patients infected with three groups
of Omicron sublineages defined a priori (including
parental early BA.2 sublineages, early BA.4 and BA.5
sublineages, and emerging BA.5 sublineages harbor-
ing resistance-associated substitutions to available
monoclonal antibodies, including BQ.1, BQ.1.1, BE7,
BE.1 and CE.1 assigned as the “BQ.1.1 group”) were
performed using Chi square or Fisher’s exact tests for
categorical variables, and ANOVA or Kruskal-Wallis
tests for continuous variables, as appropriate. We also
performed a sensitivity analysis on BQ.1.1 sublineage,
excluding BE7 and BE.1 sublineages and comparing
BQ.1.1-infected patients to the two first groups (BA.2-
and early BA.4/BA.5-infected patients) because BQ.1.1
was one of the most prevalent sublineage circulating in
France and the world during fall 2022 [23, 24]. Miss-
ing data were not imputed. The overall sample size of
the SEVARVIR study was a priori defined (n=2000).
The sample size of this substudy was not predefined.
Indeed, we had anticipated that data could be sequen-
tially extracted from the prospective database based
on epidemiological surges. Results have been reported
according to the STROBE guidelines for cohort studies.
Adjusted analyses of the association between Omi-
cron sublineages and 28-day mortality relied on multi-
variable logistic regression models, entering variables
previously shown to be important confounding fac-
tors, including age, gender, SOFA score and immuno-
suppression. Adjusted odds ratios (aOR) along with
their 95% confidence intervals (CI) were computed.
An exploratory evaluation of the associations between
hospital mortality and results from mutational pattern
analysis at the amino acid level was performed by unad-
justed Cox proportional hazard regression modeling.
Analyses were performed using Stata V16.1 statistical
software (StataCorp, College Station, TX, USA), and R
4.2.0 (R Foundation for Statistical Computing, Vienna,
Austria).
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Results

Between December 7, 2021, and December 15, 2022,
486 patients were admitted in one of the 20 participating
ICUs and included in the prospective SEVARVIR study.
The current analysis comprised 158 patients infected
with Omicron sublineages included between February 4,
2022, and December 15, 2022. They split into 3 groups:
(i) BA.2 variants and their early sublineages (n=>50); (ii)
early BA.4 and BA.5 sublineages (including BA.5.1 and
BA.5.2) (n=61); and (iii) recent emerging BA.5 sub-
lineages (including BQ.1, BQ.1.1, BE7, BE.1 and CE.1),
assigned as the BQ.1.1 group (n=47) (Figs. 1B and 2).

No statistically significant differences regarding age,
gender and frequency of comorbidities were observed
between patients infected with parental BA.2, BA.4/
BA.5 and those infected with BQ.1.1 group sublineages,
except more frequent obesity and less frequent immu-
nosuppression in the latter group (Table 1). The pro-
portion of patients who had received at least one dose
of SARS-CoV-2 vaccine, as well as the median number
of doses received, did not significantly differ between
groups. However, the time elapsed since the third vaccine
dose (for those who received it) and ICU admission was

SARS-CoV-2 variants, %

25%

0%

100% ) ] )
75% |
50%
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significantly longer for BQ.1.1 group-infected patients
than for those from the two other groups of variants,
including BA.2 and BA.4/BA.5 (307 days [190-508] vs
231 days [200-265] and 153 days [132—181], respectively;
p=0.013). The median time interval between the first
symptoms and ICU admission was significantly shorter
in the BQ.1.1 group than in early BA.4/BA.5 or BA.2-
infected patients (3 [1-7] vs 4 [2-9] and 7 [3-13] days,
respectively; p=0.022). Other variables related to SARS-
CoV-2 infection, including the median viral level in the
upper respiratory tract, as measured by the cycle thresh-
old in RT-PCR, and the prevalence of positive SARS-
CoV-2 anti-S antibodies upon ICU admission, did not
significantly differ between groups (Table 1).

There was no significant difference between BA.2,
BA.4/BA.5, and BQ.1.1 groups regarding the severity of
the disease at ICU admission, as reflected by the SOFA
and SAPS II scores and the WHO 10-point ordinal scale
(Table 1). Invasive mechanical ventilation support was
required in 25.2% (n=39/158) of patients within 24 h of
ICU admission, with no significant difference between
groups. Only one BA.2-infected patient required extra-
corporeal membrane oxygenation (ECMO) support

W BA2
W BA23
W BA29
M BA210
W BA2121
W BA213
W BA223
W Bas
W BA41
W BAS
W BASA
W BAS13
W B52
BAS.2.1
W BE1
W BFsS
W BF7
W CcE1
| Ba1
| sa.11

AL I PP PP PP PP P FTEEL LTI I P I P PR L LEE
Study time period, weeks
Fig. 2 Dynamics of infecting SARS-CoV-2 variants during the 40-week study period. Patient-related samples (n=158) corresponding to BA.2, BA 4,
BA.5 and emerging sublineages are displayed over time. BA.2 sublineages are in blue, BA4/BA.5 sublineages are in orange, brown, green and yellow
and BQ.1.1 and other sublineages are in red, burgundy and black. The x-axis displays the study time period in weeks (w) from week 12,2021 to week
51,2022; The y-axis displays the percentage of each variant/sublineage at each time-point
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Table 1 Clinical and biological characteristics of the 158 patients with severe SARS-CoV-2 infection at the time of their intensive care
unit admission according to the infecting SARS-CoV-2 “sublineage groups” (BA.2 vs BA4/BA.5 vs BQ.1.1 group)

Data available All patients BA.2 BA.4/BA.5 BQ.1.1 group p-value
N=158 N=50 N=61 N=47
Demographics and comorbidities

Sex, females 158 50(31.6) 13 (26.0) 19(31.1) 18 (38.3) 0426
Age, years 158 674 (£13.9) 65.1 (£13.2) 68.3 (£10.8) 68.7 (£ 14.1) 0.364
Diabetes 158 53 (34.4) 19 (38.0) 21 (36.2) 13(283) 0.566
Obesity 158 41 (26.1) 8(16.3) 15 (24.6) 18 (38.3) 0.047
Chronic heart failure 158 18(11.7) 2 (4.0) 8(13.8) 8(174) 0.079
Hypertension 158 94 (61.0) 29 (58.0) 35(60.3) 30 (65.2) 0.762
Chronic respiratory failure® 158 37 (24.2) 13 (26.0) 15 (25.9) 9(20.0) 0.738
Chronic renal failure® 158 33(214) 12 (24.0) 15 (25.9%) 6(13.0) 0.247
Cirrhosis 158 3(1.9) 1(2.0) 2(34) 0(0) 0.777
Immunosuppression 158 63 (40.9) 28 (56.0) 23 (39.7) 12 (26.1) 0.012
Immunosuppression

None 91 (59.1) 22 (44.0) 35(60.3) 34 (73.9) <0.0001

Solid organ transplant 20(13.0) 9(18.0) 9(15.5) 2(4.3)

Onco-hematological malignancies 20(13.0) 7(14.0) 7(12.1) 6(13.0)

Others© 23(14.9) 12 (24.0) 7(12.1) 4(8.7)
Number of comorbidities® 158 2(1:3) 2(1;3) 2(1;3) 2(1:3) 0.694
Clinical frailty scale 156 3(3:4) 4 (3:4) 3(3:4) 3(3;5) 0.751

SARS-CoV-2 infection and Vaccination

Previous SARS-CoV-2 infection 158 8(5.2) 3(6.0) 4(6.9) 1(2.2) 0.598
SARS-CoV-2 vaccination 158 116 (75.8) 42 (84.0) 43 (74.1) 31 (68.9) 0213
Number of doses among vaccinated 11 3(3;3) 3(3;3) 3(3;3) 3(34) 0452
3rd dose- ICU admission®, days 15 190 (163;265) 153(132;181) 231 (200;265) 307 (190;528) 0.013
Last dose—ICU admission®, days 25 182 (132;254) 153 (101;181) 200 (86;265) 257 (190;508) 0.157
SARS-CoV-2 serology at ICU admission

Unavailable 158 80 (50.6) 18 (31.53%) 41(67.2) 21 (44.7) 0.008

Negativef 158 22 (13.9) 8 (38.74%) 8(13.1) 6(12.8)

Positive 158 56 (35.4) 24 (29.73%) 12(19.7) 20 (42.6)
First symptoms—ICU admission, days 158 5(2;10) 7(3;13) 42,9 3(1;7) 0.013
SARS-CoV-2 RNA detection in naso- 114 20 (16;24) 21 (18;26) 20 (16;23) 19 (15;23) 0.123

pharyngeal swabs, Ct
Patients severity upon ICU admission and biological features

WHO 10-point scale 157 6 (6;6) 6 (6;6) 6 (5;6) 6 (6;7) 0.598
SAPS Il score 153 35 (28:45) 35 (30/43) 37 (30,47) 33 (27;46) 0460
SOFA score 153 4(3,7) 5(;7) 4(3;7) 4(3,7) 0.801
PaO./FiO, ratio, mmHg 154 150 (98;233) 158 (110,214) 150 (98;257) 140 (97;217) 0.856
ARDS criteria 154 110 (71.4) 37 (75.5) 41 (69.9) 62 (69.6) 0.791
Arterial lactate level, mM 154 1.6 (1.0,2.4) 1.5(1.02.1) 1.5(1.0,2.4) 1.8(1.1;3.0) 0381
Blood leukocytes, G/L 156 9.9 (6.4;13.3) 9.8(5.513.3) 8.6 (6.7;13.0) 10.2 (6.3;134) 0.187
Blood lymphocytes, G/L 124 0.5 (0.3,0.8) 0.5 (0.2,0.8) 04 (0.3,0.7) 0.6 (0.3;1.0) 0.491
Blood platelets, G/L 156 185 (133;262) 165 (111,249) 195 (140,266) 198 (135;278) 0.183
Serum urea level, mM 157 9 (6;15) 10 (6;15) 9(6;18) 8(6;13) 0.118
Serum creatinine level, uM 157 101 (71;164) 100 (71;154) 129 (76;222) 92 (69;137) 0217
Bacterial coinfection 158 35(22.3) 12 (24.0) 10(16.7) 13(27.7) 0375
Thoracic CT-scan 157 87 (55.4) 30 (60.0) 29 (48.3) 28 (59.6) 0373
Pulmonary embolism 156 5(5.7) 1(3.3) 2(6.7) 2(74) 0.685

Lung parenchyma involvement, % 55 40 (25;75) 75 (40;75) 35(25;51) 40 (25;62) 0.063
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Table 1 (continued)
Data available All patients BA.2 BA.4/BA.5 BQ.1.1 group p-value
N=158 N=50 N=61 N=47
Oxygen/ventilatory support
Oxygen 158 35(226) 7(14.0) 16 (27.1) 12 (26.1) 0.584
High flow oxygen 158 62 (40.0) 25 (50.0) 22(37.3) 15 (32.6)
NIV/C-PAP 158 19(12.3) 6(12.0) 7(11.9) 6(13.0)
Invasive MV 158 39(25.2) 12 (24.0) 14 (23.7) 13(28.3)
ECMO support 158 1(0.6) 1(2.0) 0(0) 0(0) 0618
Vasopressor support 158 28(17.8) 8(16.0) 10(16.7) 10(21.3) 0.780

Results are N(%), means (+ standard deviation) or medians (interquartile range). >requiring long-term oxygen treatment; bdefined as glomerular filtration rate <60 mL/
min/1.73 m2includes HIV infection, long-term corticosteroid treatment, and other immunosuppressive treatments; dinclude diabetes, obesity, chronic heart, renal
and respiratory failure, hypertension, cirrhosis, and immunosuppression; “time lag between the last vaccination dose and ICU admission; fdefined as < 30 Binding
Antibody Units (BAU)/mL; ARDS: acute respiratory distress syndrome; ICU: intensive care unit; Ct: cycle threshold; WHO: World Health Organization; SOFA: Sequential
Organ Failure Assessment; SAPS II: Simplified Acute Physiology Score II; NIV: non-invasive ventilation; C-PAP; continuous-positive airway pressure; MV: mechanical
ventilation; ECMO: extracorporeal mechanical ventilation; Two-tailed p-values come from unadjusted comparisons using Chi square or Fisher’s exact tests for
categorical variables, and t-tests or Mann-Whitney tests for continuous variables, as appropriate. No adjustment for multiple comparisons was performed; Bolded

p-values are significant at the p <0.05 level

upon ICU admission, while none did in the two other
sublineage groups.

During ICU stay, 31.2% (n=49/158) of patients
required invasive mechanical ventilation, with no
significant differences between the three subvari-
ant groups. There was also no significant difference
between groups regarding the need for other organ
supports, including vasopressors, renal replacement
therapy or ECMO (Table 2). Only 2 patients (1.3%), not
belonging to the BQ1.1 group, required ECMO sup-
port for refractory acute respiratory distress syndrome,
contrasting with older studies reporting a need for
ECMO support in 10 to 20% of patients infected with
the ancestral, Alpha or Delta SARS-CoV-2 variants [9,
25, 26]. Patients from the BQ.1.1 group had a signifi-
cantly shorter duration of ICU stay than those from the
two other groups (6 days [4—11] vs 7 days [3-15] and
11 days [5-22] days, respectively; p=0.038). Day-28
mortality was not significantly different between the
three groups. There were no significant between-group
differences of COVID-19 management, with 72.0%
(n=113/157) of patients who received dexamethasone
and 19.4% (n=30/155) tocilizumab. Monoclonal anti-
bodies were used in 13% (n=18/158) of patients and
nirmatrelvir-ritonavir in 8.9% (n=14/157).

A sensitivity analysis comparing patients with BQ.1.1
infection with the two other groups after excluding
other emerging sublineages (n=34) showed similar
results (Additional file 1: Tables S2 and S3).

As expected, patients dead at day 28 were older and
had more severe disease than survivors. They also more
frequently had onco-hematological diseases (Additional
file 1: Table S4). We found no significant association
between Omicron sublineages and day 28 mortality

in uni- and multivariable mortality adjusting on age,
SOFA and immunosuppression (Table 3).

High-coverage full-length viral genome sequence anal-
ysis (>90% full-length genome and > 95% full-length spike
gene) was obtained in 140 of the 158 patients. A higher
number of key amino acid substitutions, which confer
further immune escape ability over pre-existing lineages,
was found in the RBD of the BQ.1.1 group of patients
than in those from the BA.4/BA.5 and BA.2 groups.
Additional substitutions were detected in S2 in the three
groups (Fig. 3). No significant association was found
between any SARS-CoV-2 substitution and/or deletion
on the one hand and survival on the other hand over hos-
pital follow-up (Table 4).

Discussion

This study is the first describing the clinical phenotype
associated with new emerging Omicron sublineages
(e.g., BE7 and BQ.1.1) in patients with severe COVID-19
requiring hospitalization in the ICU. Our data provide
reassuring evidence that these emerging sublineages do
not cause more severe outcomes than BA.2 and BA.5
variants that emerged and spread earlier in the popula-
tion. We observed unexpected phenotype differences
comparing Omicron sublineages, with more frequent
obesity, less frequent immunosuppression and shorter
duration of ICU stay in patients infected with BQ.1.1, as
compared to those infected with other sublineages.

No significant difference was observed between Omi-
cron sublineage groups regarding the severity of the
disease at ICU admission, the need for organ failure
support during ICU stay, or day 28 mortality. Notably,
the emerging sublineages did not cause severe ARDS
requiring ECMO support, in contrast with what has
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Table 2 Intensive care management and outcomes of patients with severe SARS-CoV-2 infection (n=158) during their intensive care
unit stay according to the SARS-CoV-2 infecting “sublineage groups” (BA.2 vs BA4/BA.5 vs BQ.1.1 group)

Data available All patients BA.2 BA.4/BA.5 BQ.1.1 group p-value
N=158 N=50 N=61 N=47

Invasive MV 158 49 (31.2) 16 (32.0) 20(33.3) 13(37.7) 0.812
Prone positioning 158 28(19.7) 11(23.9) 1(20.0) 6 (14.6) 0.553
MV duration, days 158 9(3;18) 12 (5;25) 9(2,17) 4(2,14) 0213
Live-ventilator free days at day 28 158 28 (0;28) 28(0;28) 28(0;28) 28 (6;28) 0.823
ECMO support 158 2(1.3) 1(2.0) 101.7) 0(0) 1.000
Vasopressor support 158 46 (29.5) 13 (26.0) 19(31.7) 14 (304) 0.797
Renal replacement therapy 158 16 (10.2) 4(8.0) 7011.7) 5(106) 0.847
Ventilator-acquired pneumonia (@among IMV)? 49 20 (40.8) 7 (43.8) 8 (40.0) 5(38.5) 1.000
CAPA 158 8(5.1) 5(10.0) 2(33) 1(22) 0.160
Dexamethasone 158 113(72.0) 38 (76.0) 42 (70.0) 33(70.2) 0.773
Other steroids 158 0 0 0 0 -
Tocilizumab 158 30(19.4) 14 (28.0) 11(18.6) 5(10.9) 0.104
Nirmatrelvir-ritonavir 157 14 (8.9) 2(4.0) 10 (16.7) 2(4.3) 0.028
Monoclonal antibodies 158 18 (13.0) 10 (20.8) 2(3.8) 6 (15.8) 0.022

Casirivimab-Imdevimab 158 1(5.6) 0(0) 0(0) 6 (15.8) 0.444

Tixagevimab-Cilgavimab 158 7(944) 10 (100.0) 2(100.0) 5(3.3) 0444

Sotrovimab 158 0 0 0 0 -
Duration of ICU stay, days 158

All patients 158 8(4;16) 11 (5; 22) 7(3;15) 6(4;12) 0.048

Survivors only 121 7(3;16) 9(5;22) 6(3;14) 6 (4;15) 0.069
Day-28 mortality 158 37(237) 11(22.0) 16 (26.7) 10 (21.7) 0.791

Results are N (%), means (+ standard deviation) or medians (interquartile range); MV: mechanical ventilation; ECMO: extracorporeal mechanical ventilation; VAP:
ventilator-acquired pneumonia; IMV: invasive mechanical ventilation; CAPA: COVID-19-associated pulmonary aspergillosis; *VAP episodes were recorded per definition
in patients under IMV since more than 48 h; Two-tailed p-values come from unadjusted comparisons using Chi square or Fisher’s exact tests for categorical variables,
and t-tests or Mann-Whitney tests for continuous variables, as appropriate. No adjustment for multiple comparisons was performed; Bolded p-values are significant at

the p<0.05 level

Table 3 Multivariable logistic regression analysis of factors associated with day 28 mortality

AliveN=119 Dead N=37
N N OR (C1 95%) p value
Age, years 119 37 1.04(1.01;1.08) 0.012
SOFA score 116 36 1.16(1.03; 1.30) 0.017
N (H%) N (H%) OR (C1 95%) p value
Subvariant lineage
BA2 9 (78.0%) 1 (22.0%) 1 (ref) 0.791
BA.4/5 4 (73.3%) 6 (26.7%) 1.29(0.53;3.11) 0572
BQ.1.1 group 36 (78.3%) 0(21.7%) 0.98 (0.37; 2.59) 0.975
Gender, female 8 (79.2%) 0 (20.8%) 0.79 (0.35;1.80) 0573
Immunosuppression 3 (68.2%) 20 (31.7%) 2.00(0.95;4.22) 0.070

aOR: adjusted odds ratio; Cl: confidence interval; bolded values are significant at the p <0.05 level

been observed during pre-Omicron COVID-19 waves
[9, 25, 26]. In fact, with the emergence of new Omicron
sublineages, the clinical phenotype of COVID-19-as-
sociated acute respiratory failure seems to be evolving

towards less severe disease, as attested by only one
third of patients of the current cohort who required
invasive mechanical ventilation support, compared to
almost 50% of Omicron BA.1l-infected patients, 57% of
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Fig. 3 Prevalence of amino acid substitutions and deletions in Spike RBD in BA.2, BA4/BA.5, and BQ.1.1-related group viral sequences; The
percentage of detected mutations (amino acid substitutions and deletions) per group is displayed on the y-axis, relative to the original Omicron
BA.2 reference sequence (SARS-CoV-2/human/USA/FL-CDC-STM-77CPCCUR3/2022). Other individual NTD (N-terminal domain) mutations include
H49Y, W64R, M1531, M177L, 1197T, Del211, L2121, A222S,T2501, P251H, V2891 and S316F; other S1/RBD mutations include N354K, 13581, T376S, T547K,
T5721 and N568S; other S2 mutations include T547K, T5721, H625R, A642G, A647V, E654K, N658S, N856S, VI63F, A1020S, T11171, P1143L, E1144Q

and S1249P

Table 4 Relationship between major amino-acid substitutions
in spike receptor binding domain (RBD) and hospital mortality in
univariable Cox proportional hazard regression analysis

Non synonymous N? HR 95% CI P value
mutations in Spike RBD

R346T/I 34 1.10[0.47; 2.57] 0.821
K444T/R 29 1.29[0.62; 3.38] 0.389
L452R 81 1.33 [0.49; 3.56] 0.575
N460K 28 149 [0.64; 3.48] 0.353
F486V 81 1.33 [0.49; 3.56] 0.575

HR 95% Cl: Hazard ratio 95% Confidence Interval; Number of patients with the
mutation on a total of 108 patient-related samples for which full-length viral
genome sequence analysis yielding high coverage with >95% on spike gene
was performed

Delta-infected patients [9] and 63% of patients infected
with the Wuhan variant [25]. While immunosuppres-
sion remained associated with a high mortality, as
previously shown with BA.1 [9], the high rate of BQ1.1-
infected patients with cardiorespiratory comorbidities,
together with a non-significant decrease in CT-scan
lung parenchyma involvement, and the shorter ICU
stay, as compared with previous series of critically ill
COVID-19 patients [9, 26], suggests that a significant
subset of patients presented with SARS-CoV-2-associ-
ated decompensated heart failure or acute exacerbation

of chronic respiratory failure rather than true SARS-
CoV-2-associated pneumonia.

Patients infected with sublineage BQ.1.1 had more
frequent obesity and were less frequently immunosup-
pressed than those infected with other Omicron sublin-
eages in our study. Such finding was unexpected since
immunosuppression has been the most frequently asso-
ciated comorbidity in COVID-19 patients infected with
the Omicron variant, since the BA.1 “ancestral” Omicron
sublineage [9, 27], reported in almost 50% of cases. On
the other hand, the higher prevalence of obesity, a pre-
viously reported risk factor of severity with previous
SARS-CoV-2 variants, including the ancestral variant, is
consistent with previous data reporting obesity as a risk
factor of severity [28]. The re-emergence of a patient
population with no immunosuppression and more clas-
sical comorbidities such as obesity, as encountered in
pre-Omicron surges, might be consistent with a decrease
in post-vaccinal protection, as suggested by a greater
delay between the 3rd vaccinal dose and ICU admis-
sion in BQ.1.1 patients than in others in our cohort, and
data showing a lower neutralization activity in patients
infected with BQ.1.1 than with BA.5 or BA.1 subvariants,
even after bivalent booster vaccination [29]. The median
delay between the first symptoms and ICU admission
was significantly shorter in the BQ.1.1 group, possibly
accounting for the greater ability of these sublineages to
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increase cell—cell fusion compared to their parental vari-
ants [30].

Overall, the severity of the disease in patients hospital-
ized in the ICU and their day-28 mortality did not differ
across different Omicron sublineage groups. However,
the reported increased transmissibility and antibody
neutralization escape capacity of sublineage BQ.1.1 [12]
make the use of monoclonal antibodies inefficacious
in this population [10], including Bebtelovimab, while
Sotrovimab might remain weakly active [13]. In contrast,
direct-acting antiviral agents, such as paxlovid, are active
on new emerging sublineages [31]. The 20% mortality
rate observed in our cohort of critically ill patients with
COVID-19 corroborates the recent update of the World
Health Organization living guideline on therapeutics and
COVID-19  (https://www.who.int/publications/i/item/
WHO-2019-nCoV-therapeutics-2022.4), which recom-
mends the early use of nirmatrelvir-ritonavir (i.e., within
the first five days of disease onset) in patients with non-
severe COVID-19 at highest risk of hospitalization. This
is particularly true in patients with lower exposure to
vaccination, in whom the severity of infection is expected
to be greater, as suggested by the COVID-19 surge dur-
ing winter 2022-2023 in China, mainly driven by the BE.7
Omicron sublineage.

Our study has limitations, including a limited sample
size in the BQ.1.1 group, limiting our statistical power
to perform subgroup analyses and adjust for confound-
ing variables. Indeed, our current multivariable analysis
assessing the relationship between Omicron sublineages
and day-28 mortality adjusted for key confounders such
as age, gender, SOFA score and immunosuppression
status, but the relatively low number of events (n=36
deaths) precluded inflating the number of independent
variables. Still, other confounders might have been rel-
evant to include in the model and have been previously
shown to be associated with mortality (e.g., diabetes,
obesity, chronic respiratory and cardiac diseases [30],
vaccination status). In this study, we did not define a pri-
ori the sample size of the study, making our study find-
ings exploratory. This is because we aimed at capturing
the dynamics of emerging SARS-CoV-2 sublineages and
analyzing their phenotype and relationship with mortal-
ity in real time. The overall patient recruitment, in spite
of a high number of participating centers (n=20), reflects
a lower epidemic activity during the study period than
during previous COVID-19 waves. Moreover, we did
not explore in depth the physiological mechanisms of
acute respiratory failure (i.e., collecting hemodynamic
and respiratory physiological data), precluding firm
conclusions to be made regarding the contribution of
SARS-CoV-2 pneumonia versus that of decompensated
underlying cardiopulmonary comorbidities. In-depth
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mutation analysis could not be performed for all patients,
because full-length viral genome sequences were ana-
lyzed only when the sequencing coverage was greater
than 90% (>95% in the Spike gene). However, our study
also has major strengths, in particular the constitution of
a unique national prospective multicenter cohort of well-
phenotyped critically ill patients and the availability of
full-length SARS-CoV-2 genome sequences for the vast
majority of them, allowing for prospective exploration of
the clinical consequences of all waves of infection related
to emerging and spreading SARS-CoV-2 variants.

In conclusion, critically-ill patients with Omicron
BQ.1.1 infection showed a different clinical phenotype
than other patients infected with earlier Omicron sub-
lineage. However, there was no significant difference
between Omicron sublineage groups regarding the
severity of the disease at ICU admission, need for organ
failure support during ICU stay, nor day 28 mortality.
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