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vaccinated, with multiple comorbidities and to have a shorter time from symptoms'
onset, and less likely to have systemic symptoms and respiratory complications.
Although the need of NIV within 10 days and MV within 28 days from
hospitalization and the admission to ICU were less frequent for patients with
Omicron compared to those with Delta infections, mortality was similar between the
two VOCs. In the adjusted analysis, multiple comorbidities and a longer time from
symptoms' onset predicted 10-day clinical progression, while complete vaccination
halved the risk. Multimorbidity was the only risk factor associated with 28-day
clinical progression. In our population, in the first trimester of 2022, Omicron rapidly
displaced Delta in COVID-19 hospitalized adults. Clinical profile and presentation
differed between the two VOCs and, although Omicron infections showed a less
severe clinical picture, no substantial differences for clinical progression were found.
This finding suggests that any hospitalization, especially in more vulnerable
individuals, may be at risk for severe progression, which is more related to the

KEYWORDS

1 | INTRODUCTION

Since the outbreak of coronavirus disease 2019 (COVID-19) in late
2019, the world has witnessed successive waves of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections driven
by the emergence of new variants of concern (VOCs), characterized
by increased transmissibility, which have posed major clinical and
epidemiological challenges.}? So far, five SARS-CoV-2 variants have
been identified as VOCs by the World Health Organization (WHO):
Alpha (B.1.1.7), the first VOC to be identified in late 2020; Beta
(B.1.351); Gamma (P.1); Delta (B.1.617.2), designated as a VOC in the
spring of 2021 and characterized by greater contagiousness and
severity compared to previous strains; and Omicron (B.1.1.529,
including all sublineages and descendant lineages).>~?

The Omicron variant was first identified in November 2021 in
South Africa and subsequently spread worldwide rapidly displacing
the Delta variant and triggering for a new surge of SARS-CoV-2
infections which is still ongoing.'®'! The Omicron sublineage BA.1
drove the first omicron-related wave from mid-to-late December
2021 to the end of January 2022 and was subsequently replaced by
the Omicron sublineage BA.2, responsible for the second omicron
wave, which became dominant from mid-February 20221 The
Omicron VOC showed higher transmissibility and an increased risk of
escape from infection- or vaccination-induced immunity compared to
previous variants.}>"¥* This growth advantage seemed to be
explained by the presence of a significative number of mutations
involving the spike gene of the virus, some of whom are known to
lead to higher viral binding affinity and lower response to previous
immunity.?>"*® Nevertheless, in addition to these aspects of

underlying frailty of patients than to the intrinsic severity of the viral variant.

COVID-19, Delta variant, disease severity, hospitalized patients, Omicron BA.1 and BA.2,
SARS-CoV-2 variants of concern

concerns, several studies have reported a reduced risk for hospital-
ization and severe outcomes of Omicron compared to Delta
infections.??"2* However, whether this lower degree of severity is
related to an inherent characteristic of the virus or an increase in
immunity in the population over time remains to be clarified. Despite
the lower severity of Omicron infections reported in general
population, comparisons of the clinical profile and the risk for clinical
progression between the two VOCs in subjects hospitalized for
SARS-CoV-2 infections are still limited.2>2? Additionally, the role of
no-viral factors as predictors for severe in-hospital outcomes, in the
period of Delta-to-Omicron transition, should be better defined,
particularly in high vaccine coverage settings, where a high
proportion of admissions are associated with, but not caused by,
SARS-CoV-2 infection.

We hereby aimed to describe the evolution in prevalence of
the Delta and Omicron variants among patients hospitalized for
COVID-19 during a 3-month period when both VOCs were
co-circulating. We also aimed to compare baseline characteristics
and main in-hospital outcomes according to the identified VOC and

to assess the predictive factors of clinical progression.

2 | MATERIALS AND METHODS
2.1 | Study procedures and population
We conducted an observational, prospective, monocenter study

including all consecutive patients admitted to the National Institute
for Infectious Diseases “Lazzaro Spallanzani,” in Rome, Italy, in both

85UB017 SUOWILIOD 3AIRR1D 3|cedl|dde au Aq pausenob are sapie WO ‘@SN JO S9IN 10} Aeiq 1 BUIIUO AB|IM UO (SUOIPUOD-pUR-SLULIBY WD A8 | 1M ARR1q | U1 |UO//SHNY) SUO BIPUOD PUe SWiB L 83U} 885 *[5202/90/20] Uo AiqiTauliuo AB|IM ‘el eueIy0D Ag TE8BZ AIZ00T OT/I0p/L0d A IM Afeiq joul|uo//Sdny Lol pepeojumoq ‘9 ‘€202 ‘TL06960T


mailto:annalisa.mondi@inmi.it

MONDI ET AL.

3of 13
MEDICAL VIROLOGY —WILEY

general wards and intensive care unit (ICU), from December 24, 2021
to March 15, 2022, with confirmed COVID-19 diagnosis and the
SARS-CoV-2 variant identified.

We considered as baseline the visit performed at the time of
hospital admission, which included medical examination, laboratory
testing, vital signs recording and selfreported symptoms' assessment.
The presence of pneumonia was evaluated by computed tomography
(CT) scan of the chest, performed when admitted or immediately
before, in the Emergency and Accident Department. Demographics,
medical history and data on comorbidities were also collected. Data
on vaccination were extracted from the regional register (Anagrafe
Vaccinale Regione Lazio) and, if not available, we collected self-
reported vaccination status from hospital charts. Participants were
defined: (1) unvaccinated, if they did not receive any vaccine dose, or
they received only the first dose of a two-dose series less than 14
days earlier; (2) partially vaccinated, if they received only the first dose
of a 2-dose series more than 14 days earlier, or if they completed the
vaccine schedule less than 14 days earlier; (3) recent fully vaccinated
or boosted, if they completed the vaccine schedule between 14 and
120 days earlier, or if they received the booster dose more than
7 days before the hospital admission; (4) waned fully vaccinated or
unboosted, if they completed the vaccine schedule more than
120 days earlier, without having received the booster dose or if
they had the booster dose less than 7 days before the hospital
admission.

Participants were followed up to Day 10 to assess any prescribed
medications (steroids, remdesivir, monoclonal antibodies, and immu-
notherapy), the use of noninvasive ventilation (NIV), ICU admission
with mechanical ventilation (MV), and in-hospital death; clinical
progression with ICU admission, MV and in-hospital death were also
evaluated up to day 28.

All the data were collected by a trained staff and anonymously

recorded into an electronic database.

2.2 | Virological assessment

Diagnosis of SARS-CoV-2 infection was confirmed by the detection
of viral RNA in nasopharyngeal swab (NPS), or bronchoalveolar
lavage (BAL) by Real-Time polymerase chain reaction (RT-PCR)
targeting both the viral RdRp- and N-genes resulting in a single cycle
threshold (Ct) value indicative of the detection of SARS-CoV-2 RNA
(RealTime SARS-CoV-2 Assay; Abbott) on Alinity platform (Abbott).

The “TagPath™ COVID-19 CE-IVD RT-PCR Kit” (ThermoFisher
Scientific), a multiplexed assay that contains three primer/probe sets
specific to ORF1ab, N gene and S gene of SARS-CoV-2, was used as
S Gene Target Failure (SGTF) test on extracted RNA from NPS or BAL
of hospitalized COVID-19 patients. Nucleic acid extraction was
performed by QiaSymphony automatic extractor using a DSP Virus/
Pathogen Kit (both from QIAGEN).

By kit instruction, the cycle threshold cut-off value for clinical
target was <37. Since the Omicron BA.1 variant, in contrast to

the Delta and Omicron BA.2, is characterized by a deletion at 69 and

70 amino acid positions of the spike protein, this test was able to
detect the presence or absence of the 69-70 deletion. The failure of
the probe targeting the S gene, in presence of ORF1ab and N gene
amplifications, is also referred to as S drop-out. This presence of S
drop-out in an otherwise positive PCR test has proven to be a
surrogate marker for the Omicron variant, sublineage BA.1.1°
Subsequently identification of SARS-CoV-2 variants was conducted
by Sanger sequencing of the Spike coding gene, as previously

reported.®

2.3 | Data analysis

The evolution of VOCs' prevalence throughout the study period was
weekly calculated, considering Delta, Omicron BA.1, and Omicron
BA.2 variants.

Descriptive characteristics at hospital admission were provided
using median values and interquartile ranges (IQR) for continuous
variables, and frequencies and percentages for categorical variables,
and were compared between Delta and Omicron groups using Chi-
square test (Fisher's exact test when applicable) for categorical
variables and Mann-Whitney test for continuous variables. Similarly,
comparison of in-hospital treatments and main clinical outcomes was
assessed according to VOC.

Predictive factors of clinical progression within 10 days (short-
term clinical progression) and 28 days from hospital admission (long-
term clinical progression) were assessed using multivariable logistic
regression calculating odds ratios (MLR-OR) and their 95% confi-
dence intervals (95% Cl). The following factors were a priori included
as covariates in the MLR model: gender, age, number of comorbid-
ities, vaccination status, days from symptoms onset and VOC.
Short-term clinical progression was defined as a combinate outcome
of NIV, MV, or death occurred within 10 days from hospitalization.
Long-term clinical progression was defined as a combinate outcome
of ICU admission, MV, or death occurred within 28 days from
hospitalization.

In addition, SARS-CoV-2 Ct values on NPS collected within
3 days from hospital admission in patients infected with Delta and
Omicron variants were compared between them using the
Mann-Whitney test, after stratifying samples according to days
elapsed from symptoms onset to NPS (<7 days vs. >7 days).

Finally, the sequences obtained by Sanger method were aligned
using MAFFT software v7.271,%% with Wuhan-Hu-1 reference
sequence (accession number: NC_045512.2) and high-quality, full-
length genome representatives for main lineages.®>%% Quality
controls on mutations, deletions, and missing nucleotides were
performed with BioEdit and MEGAX. Maximum likelihood (ML)
phylogenetic analysis was performed with IQ-TREE v.1.6.12%% best
tree model was selected using ModelFinder®”; the best tree was
found performing 5000 bootstrap ultrafast replicates.

Due to the low number of patients with Omicron BA.2 VOC in
our population, Omicron sublineages BA.1 and BA.2 were merged in
a single group named Omicron in all the statistical analysis. The
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descriptive analysis of patients' baseline characteristics was per-
formed also by differentiating the three VOCs (Delta, Omicron BA.1,
and Omicron BA.2) using Chi-square test (Fisher's exact test when
applicable) for categorical variables and Kruskall-Wallis test for
continuous variables and was added as Supporting Information.

A p-value less than 0.05 indicated conventional statistical
significance. All statistical analysis was performed using IBM SPSS
Statistics version 28 (IBM Corp.) and STATA release 17 (Stata-
Corp. 2021. StataCorp LLC).

3 | RESULTS

Over the study period, 532 patients with a diagnosis of COVID-19
were admitted at our Institute. Among them, 104 were excluded from
the analysis because of failure to identify the viral variant by
sequencing (n=97) or because of lack of complete patients' data
(n=7). A total of 428 subjects were included in the study: 130
infected with Delta VOC and 298 with Omicron VOC (n=275
sublineage BA.1 and n = 23 sublineage BA.2) (Figure 1).

Concerning the variant screening by SGTF test, after Sanger
sequencing identification, as expected, most of the subjects infected
with Omicron BA.1 variant tested positive (263/275, 95.6%), while
most of the patients infected with Delta variant (122/130, 93.8%)
and all those with Omicron BA.2 were negative. For some samples,
the TagPath test gave inaccurate or inconclusive results (negative for
7/275 [2.5%] Omicron BA.1; positive for 4/130 [3.1%] and
indeterminate for 1/130 [0.8%] Delta), probably due to high Ct
values. Finally, in the case of few participants harboring Delta (3/130,
2.3%) and Omicron BA.1 (5/275, 1.8%), the SGTF test was missed.

Patients admitted with COVID-19
between 24t Dec 21 and 15t Mar 22

532 J

Patients excluded (N=104):

= 7 missing data
= 97 VOC undeterminable

~
Patients included in the analysis
428
Delta VOC Omicron VOC
130 298

BA.1 BA.2
Lz7.5 ’ L 23 J

FIGURE 1 Study flow chart. Dec, December; Mar, March; VOC,
variant of concern; N, number.

3.1 | Evolution of variants of concern prevalence
At the beginning of the study period, Delta was the dominant
circulating variant in our population, accounting for about 85% of
SARS-CoV-2 infections, while Omicron BA.1 was responsible for the
remaining 15% of cases. In the following weeks, the proportion of
cases due to the Omicron variant increased sharply to constitute
more than 90% of the circulating VOCs at the end of January 2022.
Omicron BA.1 was the predominant sublineage (>90%) until mid-
February 2022, then it was gradually displaced by Omicron BA.2,
which emerged in our population in the first week of January 2022
and reached 70% of the circulating variants by the end of the study
period (Figure 2).

3.2 | Patients' characteristics at hospital admission
The main characteristics at hospital admission are shown in Table 1.
Briefly, the median age of the study population was 67 years (IQR 55-
79) and 40.7% were women. The majority (79%) of patients had at
least one underlying concomitant disease. At hospital admission,
which occurred within a median time of 5 days (IQR: 3-9) from
symptoms' onset, 85.5% of subjects had evidence of lung involve-
ment at the CT scan.

Patients infected with the considered VOCs differed for most
of the main baseline characteristics. Particularly, patients diagnosed
with Omicron VOC compared to those with Delta were more likely
to be older (69 years [IQR: 56-80] vs. 62 years [IQR: 51-72],
p < 0.001) and to have multiple comorbidities (patients with at least
one comorbidity: 82.5% vs. 70.8%, p =0.007). Hypertension was
the most common concomitant disease, regardless the type of
VOC. Cardiovascular and chronic respiratory diseases and immu-
nosuppression were significantly more common in patients harbor-
ing Omicron (26.5% vs. 16.9%, p = 0.032, 20.5% vs. 7.7%, p = 0.001
and 8.4% vs. 2.3%, p=0.0019, respectively). Concerning the
vaccine status, most patients admitted with Delta VOC infection
were not vaccinated (70.8%), whereas more than half of patients
with Omicron infection (54.4%) received a full vaccine schedule
(p <0.001). Notably, 29.9% of patients in the Omicron group
received the full schedule less than 120 days before the admission
or the booster dose.

Participants diagnosed with Delta infection, tended to have a
more severe clinical presentation compared to those with Omicron
with a higher rate of systemic symptoms (fever 76.7% vs. 67.2%,
p =0.049; chills 25.8% vs. 11.8%, p <0.001; asthenia 51.6% vs.
38.2%, p=0.011) and respiratory symptoms (dyspnea 78.9% vs.
56.4%, p < 0.001; cough 79.1% vs. 60.2%, p < 0.001). Additionally, at
hospital admission, individuals in the Delta group had a longer time
elapsed from symptoms' onset (median days [IQR]: 7 >7%° vs. 5,278
p <0.001), a higher rate of respiratory failure (median PaO,/FiO,
[IQR]: 257 mmHg [176-316] vs. 295 mmHg [213-352], p =0.001)
and lung involvement at the CT scan (93.8% vs. 81.9%, p =0.001)
than patients in the Omicron group.
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Omicron 2 (BA.2)

D4/02/22  13/02/22  18/02/22  25/02/22  D4/03/22  11/03/22
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FIGURE 2 Relative prevalence of SARS-CoV2 VOCs (Delta, Omicron BA.1, and Omicron BA.2), according to the week of hospitalization,

during the study period (December 24, 2021 to March 15, 2022).

Looking at baseline characteristics after dividing the Omicron
group into Omicron BA.1 and Omicron BA.2 subgroups, we observed
that patients in the Omicron BA.2 subgroup were more likely to have
multimorbidity (>40% of patients with more than three underlying
comorbidities), to have been recently vaccinated/boosted (60.9% of
patients). In contrast, they had lower rates of systemic/respiratory
symptoms and pulmonary involvement on CT scan (73.9%) and a
lower degree of respiratory failure (PaO,/FiO, 376 [IQR: 180-390])
(Supporting Information: Table S1).

3.3 | Treatment approaches and in-hospital
outcomes

Slightly less than half of our study population (40.6%) received
specific treatments for SARS-CoV-2 infection during hospitalization.
As expected, the type of antiviral therapy varied according to VOC
with a higher number of Remdesivir treatment in the Omicron
compared to Delta group (38.3% vs. 22.3%, p = 0.001) (Table 2) and a
significantly greater number of treatments with monoclonal anti-
bodies in patients with Delta than those with Omicron infection
(13.9% vs. 4.4%, p < 0.001). Of note, 23 subjects (9 with Delta and
14 with Omicron variants) received monoclonal antibodies before
hospital admission. A significantly higher proportion of patients
infected with Delta infection received steroids (90.8% vs. 71.4%,
p <0.001), whereas no difference in the use of immunotherapy was
observed between the groups.

Concerning the main in-hospital outcomes, the rates of in-
hospital death both after 10 and 28 days from hospital admission and
the median length of hospital stay did not significantly differ between
the groups (Table 2). Conversely, a significant higher proportion of

treatments with NIV, within 10 days from hospitalization, was
observed among patients diagnosed with Delta (41.5%) compared
to those with Omicron (30.5%) (p = 0.027). In addition, higher rates of
ICU admission within both 10 and 28 days of hospitalization (21.5%
vs. 12.8%, p=0.021 and 21.5% vs. 13.4%, p=0.035) and more
patients undergoing MV within 28 days (19.2% vs. 11.4%, p = 0.031)
were found among patients infected with Delta VOC as compared to
those with Omicron (Table 2).

3.4 | Predictors of clinical progression
Overall, clinical progression within 10 days from hospital admission,
occurred in 154 patients (36%), of whom 55 (42.3%) infected with
Delta and 99 (33.2%) infected with Omicron (p=0.072). At the
multivariable logistic regression analysis, short-term clinical progres-
sion was predicted by multiple comorbidities with a higher risk as the
number of comorbidities increases (MLR-OR 2.29 for two comorbid-
ities, p = 0.024; MLR-OR 3.83 for >3 comorbidities, p < 0.001) and a
longer time from symptoms onset to hospitalization (MLR-OR 1.96
for >7 vs. <7 days, p=0.004). Conversely, complete vaccination
compared to no vaccination lowered the risk of short-term progres-
sion (MLR-OR 0.45 for waned fully vaccinated or unboosted vs. not
vaccinated, p = 0.07; 0.55 for recent fully vaccinated or boosted vs. not
vaccinated, p = 0.039). Being infected with the Omicron compared to
Delta VOC showed a trend toward significance as a protective factor
for short-term clinical progression (MLR-OR 0.65, p=0.083)
(Table 3).

Overall, after 28 days from hospital admission clinical progres-
sion occurred in 85 (19.9%) patients: 29 (22.3%) in the Delta and 56
(19.3%) in the Omicron group (p = 0.402). After adjusting for the main
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TABLE 1 Patients' characteristics at hospital admission according to the identified variant of concern (Delta vs. Omicron).

vocC
Delta Omicron
Characteristics (n=130) (n=298) Total (n=428) p-value?
Females, n (%) 64 (49.2) 110 (36.9) 174 (40.7) 0.017
Age at hospital admission (years), 62 (51-72) 69 (56-80) 67 (55-79) <0.001
median (IQR)
Days from symptoms' onset, median (IQR) 7 (5-10) 5 (2-8) 5(3-9) <0.001
Comorbidities, n (%)
Diabetes 21 (16.2) 52 (17.5) 73 (17.1) 0.743
Hypertension 55 (42.3) 136 (45.6) 191 (44.6) 0.524
Obesity (BMI > 30) 26 (20.0) 54 (18.1) 80 (18.7) 0.647
Cardiovascular disease 22 (16.9) 79 (26.5) 101 (23.6) 0.032
Chronic respiratory disease 10 (7.7) 61 (20.5) 71 (16.6) 0.001
Renal impairment 3(2.3) 18 (6.0) 21 (4.9) 0.100
Immunosuppression 3(2.3) 25 (8.4) 28 (6.5) 0.019
Cancer 14 (10.8) 53 (17.8) 67 (15.7) 0.066
Number of comorbidities, n (%) 0.007
0 38 (29.2) 52 (17.5) 90 (21.0)
1 43 (33.1) 83 (27.9) 126 (29.4)
2 20 (15.4) 71 (23.8) 91 (21.3)
23 29 (22.3) 92 (30.9) 121 (28.3)
Vaccine status, n (%) <0.001
Not vaccinated 92 (70.8) 122 (40.9) 214 (50.0)
Partially vaccinated 4 (3.1) 14 (4.7) 18 (4.2)
Recent fully vaccinated/boosted 10 (7.7) 89 (29.9) 99 (23.1)
Waned fully vaccinated/unboosted 24 (18.5) 73 (24.5) 97 (22.7)
Symptoms, n (%)
Fever 99 (76.7) 199 (67.2) 298 (70.1) 0.049
Cough 102 (79.1) 177 (60.2) 279 (66.0) <0.001
Rhinorrhea 8 (6.3) 30 (10.4) 38 (9.1) 0.183
Dyspnea 86 (78.9) 149 (56.4) 235 (63.0) <0.001
Asthenia 66 (51.6) 110 (38.2) 176 (42.3) 0.011
Chills 33 (25.8) 34 (11.8) 67 (16.1) <0.001
PaO,/FiO,, mmHg
Median (IQR) 257 (176-316) 295 (209-362) 280 (198-347) 0.001
2300, n (%) 39 (30.0) 133 (44.6) 172 (40.2)
Missing 2 (1.5) 27 (9.1) 29 (6.8)
Laboratory values, median (IQR)
Lymphocytes, x10%/uL 0.8 (0.6-1.2) 0.9 (0.6-1.4) 0.9 (0.6-1.3) 0.244
C-reactive protein, mg/dL 5.3 (2.3-11.1) 5.2 (1.8-11.3) 5.2 (1.9-11.2) 0.672
Neutrophils/Lymphocytes (NLR) 5.5 (2.5-10.6) 4.7 (2.5-10.4) 4.8 (2.6-10.6) 0.239
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TABLE 1 (Continued)

Characteristics
Pneumonia, n (%)
No

Yes

vOC

Delta Omicron

(n=130) (n=298) Total (n=428) p-value®
8 (6.2) 54 (18.1) 62 (15.5) 0.001

122 (93.8) 244 (81.9) 366 (85.5)

Abbreviations: BMI, body mass index; IQR, interquartile range; n, number of study participants; PaO,/FiO,, ratio of arterial oxygen partial pressure to
fractional inspired oxygen; VOC, variant of concern.

2Chi-square or Mann-Whitney test as appropriate. p < 0.05, indicating conventional statistical significance, are reported in boldface.

TABLE 2 Treatment approaches and main clinical outcomes according to the identified variant of concern (Delta vs. Omicron).

Characteristics

Therapeutic approaches, n (%)
Steroids
Remdesivir
Monoclonal Antibodies®
Immunotherapy

Length of hospital (days), median (IQR)

Clinical outcomes at 10 days from hospital admission, n (%)

NIV

MV

Death

ICU
NIV/MV/Death

Clinical outcomes at 28 days from hospital admission, n (%)

MV

Death

ICU
ICU/MV/Death

VOC
Delta Omicron
(N=130) (N =298)
118 (90.8) 212 (71.4)
29 (22.3) 114 (38.3)
18 (13.9) 13 (4.4)
16 (12.3) 22 (7.4)
16.5 (10-24) 16 (9-25)
54 (41.5) 91 (30.5)
22 (16.9) 33 (11.1)
8 (6.2) 18 (6.0)
28 (21.5) 38 (12.8)
55 (42.3) 99 (33.2)
25(19.2) 34 (11.4)
15 (11.5) 34 (11.4)
28 (21.5) 40 (13.4)
29 (22.3) 56 (18.8)

Total

(N =428) p-value®

330 (77.1) <0.001

143 (33.4) 0.001
31(7.2) <0.001
38 (8.9) 0.099
16 (9-24) 0.796

145 (33.9) 0.027
55(12.9) 0.096
26 (6.1) 0.964
66 (15.4) 0.021

154 (36.0) 0.072
59 (13.8) 0.031
49 (11.5) 0.969
68 (15.9) 0.035
85 (19.9) 0.402

Abbreviations: ICU, intensive care unit; IQR, interquartile range; MV, mechanical ventilation; n, number of study participants; NIV, noninvasive ventilation;

VOC, variant of concern.

2Chi-square or Mann-Whitney test as appropriate. p < 0.05, indicating conventional statistical significance, are reported in boldface.

Only the treatment received after hospital admission has been considered.

confounders listed in Methods, having multiple baseline pathologies,
particularly more than 2, was the only factor significantly associated
with long-term clinical progression (MLR-OR 4.92 compared to no
comorbidity, p-value = 0.001). It is worth noting that we did not find
any association between the type of VOC and 28-day clinical

progression (Table 3).

35 |

Nasopharyngeal viral loads comparison

Nasopharyngeal SARS-CoV-2 Ct values obtained within 3 days from

hospital admission were available for 235 out of 428 included patients

(54.9%, 38 with Delta and 197 with Omicron VOC). Baseline viral
loads were compared between patients with Delta and Omicron
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(28 days from hospital admission) at multivariable logistic regression.

Short-term clinical progression

Long-term clinical progression

Factors associated with short-term clinical progression (10 days from hospital admission) and long-term clinical progression

Cases/Total MLR-OR (95% Cl) p-value Cases/Total MLR-OR (95% Cl) p-value®

Total 154/428 85/428
Gender

Male 94/254 49/254

Female 60/174 0.77 (0.49-1.20) 0.253 36/174 0.95 (0.56-1.60) 0.844
Age by 10 years of increase 1.17 (1.00-1.38) 0.054 1.15 (0.95-1.40) 0.149
Number of comorbidities

0 21/90 8/90

1 41/126 1.75 (0.91-3.35) 0.093 21/126 2.08 (0.86-5.03) 0.104

2 34/91 2.29 (1.11-4.72) 0.024 17/91 2.41 (0.93-6.24) 0.070

23 58/121 3.83 (1.89-7.75) <0.001 39/121 4.92 (2.00-12.09) 0.001
Vaccine status

Not vaccinated 89/214 47/214

Partially vaccinated 10/18 2.18 (0.76-6.25) 0.146 4/18 1.09 (0.33-3.65) 0.890

Recent fully vaccinated/boosted 29/99 0.55 (0.31-0.97) 0.039 16/99 0.56 (0.28-1.12) 0.103

Waned fully vaccinated/unboosted 26/97 0.45 (0.25-0.81) 0.007 18/97 0.62 (0.32-1.19) 0.152
VOC

Delta 55/130 29/130

Omicron 99/298 0.65 (0.40-1.06) 0.083 56/298 0.72 (0.41-1.26) 0.247
Days from symptoms' onset

<7 87/284 56/284

>7 67/144 1.96 (1.24-3.08) 0.004 29/144 1.04 (0.60-1.79) 0.887

Abbreviations: Cl, confidence interval; MLR-OR, multivariable logistic regression-odds ratio; VOC, variant of concern.

2p < 0.05, indicating conventional statistical significance, are reported in boldface. All variables were included in the model.

infection after stratifying according to the time elapsed from
symptoms onset. No significant differences in nasopharyngeal Ct
values were observed between patients infected with Omicron and
Delta VOC at both short (<7 days) and longer (27 days) distance from
symptoms onset, as shown in Figure 3.

3.6 | Phylogenetic analysis

A specific 523-nucleotide region from SARS-CoV-2 gene S was
obtained from respiratory samples of 425 out of 428 patients
included in the study. Phylogenetic analysis showed that the obtained
sequences clearly segregated in three different genetic groups
corresponding to the VOC Delta, Omicron BA.1, and Omicron
BA.2, respectively. The sequenced region corresponds to 174 amino
acids (aa) of the Spike protein Receptor Binding Domain (from aa

position 415 to aa position 588), therefore further analysis was

conducted to investigate the occurrence of additional aa mutations
within the three genetic groups. As shown in Supporting Information:
Figure S1, only six mutations were detected in 425 samples: L425K,
1434V, K444, and F490S were found in seven samples from the
Delta group and K417S, L425K, and L455S in four samples from the
Omicron BA.1 group. No additional mutations were found in any
samples from the Omicron BA.2 group.

4 | DISCUSSION

In this prospective observational study, including all patients
hospitalized for COVID-19 in the first trimester of 2022 in a
COVID-19 lItalian reference hospital, we provided a snapshot of the
change in clinical features and outcomes of patients admitted during
the transition period from Delta to Omicron dominance. In line with

national and international epidemiological data,***%3¢ in our
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FIGURE 3 Nasopharingeal viral load within 3 days from hospital admission after stratification by days from symptoms onset in patients with
SARS-CoV-2 Delta versus Omicron VOC (data available for 235 of 428 patients). Violin plots showing median and IQR of nasopharyngeal viral
load (Ct value) obtained within 3 days from hospital admission in patients with Delta and Omicron variants. Patients were stratified by the time
elapsed from symptoms onset to nasopharyngeal swab (< or >7 days). Statistical analysis of the comparisons between variants of concern
(VOCs) was performed by Mann-Whitney test. Horizontal dashed line represents the limit of detection (Ct value = 37).

population, the Omicron VOC sublineage BA.1 rapidly displaced the
Delta VOC, becoming the dominant variant by the end of January
2022. Subsequently, it was gradually replaced by the Omicron
sublineage BA.2, which became the main circulating variant by the
end of the study period.

In our analysis, we observed a different clinical profile of subjects
hospitalized with Omicron and Delta variants with the former
characterized by older age, greater comorbidity burden, and higher
proportion of complete vaccination. In particular, patients infected
with Omicron VOC had a median age 7 years higher than those with
Delta and more than half of them reported at least two underlying
comorbidities at hospital admission as compared to less than 40% of
patients infected with Delta. This data is in contrast with previous

studies conducted in both outpatient?! 2% t25-27

and inpatien
healthcare settings, which described a younger median age and a
similar or lower comorbidity burden of patients with Omicron
compared to Delta infection but are in line with recent observations
from Belgian?® and British?’ cohorts of hospitalized patients. These
discrepancies among available studies can be explained by several
reasons, such as different approaches and timing of the vaccination
campaign, public health measures, and testing strategies. Addition-
ally, the different definitions of COVID-19 hospitalizations among the
studies, in which admissions associated with and caused by SARS-
CoV-2 infection are not always separated, could contribute to these
conflicting results.

Regarding the vaccination status, consistent with previous data
from both general population and hospitalized patients,**2? we
found a higher probability of prior full vaccination among Omicron

infected individuals, likely due to the mechanism of immune evasion

described for this viral variant.2271* Although this aspect has led to
questions about whether the lower severity of Omicron infections
may be due to an inherent characteristic of the variant or to the wide
vaccination coverage, several studies have confirmed the lower
severity of Omicron compared with Delta infections also in the
unvaccinated population.?22457

In our population, the clinical presentation also significantly
differed according to the VOC. In fact, participants infected with
Omicron were characterized by a reduced rate of systemic and
respiratory symptoms and a lower probability of respiratory failure
and lung involvement at the CT scan. This finding is consistent with
previous studies describing a change in symptoms profile between
Omicron and Delta infections with milder manifestations and more
upper-airway symptoms in the former compared to the latter.3®%?
The change in viral pathophysiology with the greater tropism for the
upper airway of Omicron compared to previous variants could
explain this finding. In contrast to recent reports,®® we did not
observe a higher symptoms complaint in patients infected with
Omicron BA.2 compared to BA.1 sublineage. On the contrary, our
results suggest that BA.2 leads to an equally mild course of disease as
BA.1, as already described in previous studies.*>*! However,
considering the limited number and the characteristics of patients
with Omicron BA.2 in our study, we cannot draw any conclusion

Regarding the main in-hospital outcomes, we did not observe any
significant differences in terms of mortality and median length of
hospitalization between the two variants. Furthermore, after con-
trolling for potential confounders, Omicron, compared to Delta VOC,
was not clearly associated with a different risk of severe disease, both
at 10- and 28-day after hospitalization, although a trend toward
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significance for a lower risk for short-term clinical progression was
observed. The discrepancies between our results and data from other
studies, which demonstrated a significant lower disease severity for
inpatients infected with the Omicron compared to the Delta

t,2°72% could be partially explained by the clinical features of

varian
our study population. Interestingly, while several factors such as
comorbidities, vaccination status and time from symptoms onset
predicted the risk of severe outcomes in the short-term, only a higher
number of comorbidities was associated with long-term clinical
progression. These data suggest that patients with Omicron
compared to Delta VOC, despite an apparently milder clinical
presentation, might have similar risk of severe clinical progression
which is more related to the infection-associated exacerbations of
chronic diseases than to the severity of SARS-COV-2 infection.

2242 i the subgroup of patients

Consistently with other reports,
underwent the nasopharyngeal Ct analysis, we did not observe any
statistical difference in viral loads at hospital admission in patients
infected with Omicron compared to Delta VOC both for early and for
late admissions. Although the limited number of Delta subjects in this
subanalysis did not allow any other further stratification (e.g.,
vaccination status, age), data from previous studies, in which further
adjustments were performed, did not show any difference in viral
loads between the two VOCs.2240 |n addition, the phylogenetic
analysis conducted on a specific region of the gene S showed a clear
segregation of the analyzed sequences into three genetic groups
corresponding to the three VOCs (Delta, Omicron BA.1, and Omicron
BA.2) with a substantial sequence similarity from isolates belonging
to the same group.

Finally, it is worth noting that in our study, the SGTF test
correctly detected the majority of participants harboring Omicron
BA.1 (96%), Delta (94%), and Omicron BA.2 (100%), allowing us to
quickly define the treatment approach. In such a rapidly evolving
scenario, the availability of rapid-assays for SARS-CoV-2 variants
identification, as the SGTF, may be of crucial utility to promptly adapt
appropriate therapeutic strategies, without waiting for the sequenc-
ing results. However, these assays identify specific mutations
associated with known variants, some of which can be common to
different viral strains. The main limit being the inability to recognize
recombinant or newly emerged variants, this is way sequencing
methods remains the gold standard for the correct characterization of
viral genomes.*®

Several limitations of our study must be addressed, including its
observational nature which is prone to bias due to residual
confounding, the lack of data collection on previous infections which
does not allow us to assess the potential protective role of prior
immunity in the case of breakthrough infections and the failure to
evaluate several factors such as immunological response to SARS-
CoV-2, inflammatory markers and comedications, which might have
affected the disease severity. Although the relatively limited size of
our population and the type of subjects analyzed in the study could
be considered a bias for a comprehensive comparison between Delta
and Omicron infections, they are important for the aim of our

analysis, which was primarily to assess differences in clinical

presentation at the time of hospital admission and to compare in-
hospital prognosis between the two variants among the minority of
patients hospitalized because of COVID-19. In addition, the short
observation period and the monocentric design of the study might be
considered as limitations, as they reduce the generalizability of our
findings. However, these factors also represent remarkable strengths
which ensure, on the one hand, similar community measures of
infection control and levels of vaccination coverage, and, on the other
hand, homogeneity in background care, disease management and
resource availability. Finally, although the limited number of infec-
tions due to Omicron variant BA.2 observed over the study period
does not allow us to draw any robust conclusions, at the best of our
knowledge, this is one of the few studies which compared infections
due to different Omicron sublineages and Delta variant.

In conclusion, our survey showed that, in the first trimester of
2022, Omicron VOC rapidly displaced Delta VOC among patients
hospitalized for COVID-19, mirroring the national and international
trend of SARS-CoV-2 variant prevalence in the same period. Clinical
profile and presentation of individuals hospitalized for SARS-CoV-2
infection differed among the two variants and was milder for those
harboring Omicron. Nevertheless, after adjusting for the main
confounders, patients infected by Omicron variant, compared to
Delta, did not show any substantial lower risk for short- and long-
term severe outcomes. The presence of multimorbidity remained the
only factor strongly associated with the risk of severe disease
suggesting a major role of the exacerbation of the underlying
comorbidities in frail subjects, regardless of the viral variant. These
findings have several implications, mainly in planning the public
health response. In fact, although Omicron VOC is associated to a
lower risk of hospital admission,1?21-2% hospitalized patients enrolled
in our study are more likely to be frail and with similar risk of clinical
progression and care requirements, as compared to those infected by
Delta variant. Therefore, considering the increased contagiousness of
more recent VOCs and the preserved effectiveness of vaccination in
preventing severe disease,** efforts for reducing transmission and
implementing vaccination, mainly in the more vulnerable population,
need to be still guaranteed to avoid a hard-to-sustain pressure on
health-care system. Data from different countries with different
levels of previous infections and vaccination, are crucial to assess the
severity of the omicron variant or new emerging VOCs in a context of
continuous viral evolution, to shape public health measures and
clinical decisions.
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