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1 | INTRODUCTION

According to Santé publique France report on COVID-19 re-
leased on December 30, 2021, the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) Omicron variant (Pango
lineage B.1.1.529) accounted for 62.4% of diagnoses at the
country scale based on a compatible pattern of mutations de-
tected by specific real-time reverse-transcriptase polymerase
chain reaction (qPCR) designed for variant screening.’ Pre-
liminary reports from Denmark and Norway have suggested that
a large proportion of patients infected with the Omicron variant
were fully vaccinated and experienced clinically-mild infec-
tions.>® The objective of this study was to describe the first 1119
Omicron cases diagnosed at the Institut Hospitalo-Universitaire
(IHU) Méditerranée Infection located in Marseille, France that
manages the vast majority of patients in the area and to provide

preliminary information on its severity.
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One thousand one hundred and nineteen cases of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) Omicron variant cases have been diagnosed at
the Institut Hospitalo-Universitaire Méditerranée Infection, Marseille, France,
between November 28, 2021, and December 31, 2021. Among the 825 patients
with known vaccination status, 383 (46.4%) were vaccinated, of whom 91.9% had
received at least two doses of the vaccine. Interestingly, 26.3% of cases developed
SARS-CoV-2 infection within 21 days following the last dose of vaccine suggesting
possible early production of anti-SARS-CoV-2 facilitating antibodies. Twenty-one
patients have been hospitalized, one patient required intensive care, and another

patient who received a vaccine booster dose died.

coronavirus, COVID-19, death, Delta, hospitalization, infection, Intensive Care Unit, Omicron,
SARS-CoV-2, vaccination, variant

2 | MATERIALS AND METHODS

2.1 | Data source

We conducted a single-center retrospective cohort study at IHU
Méditerranée Infection, which is part of the network of public
hospitals in Marseille (AP-HM). All available SARS-CoV-2 positive
results obtained by our laboratory between November 28, 2021
(the date of the first identification of the Omicron variant) and
December 31, 2021, were reviewed. IHU Méditerranée Infection
received patients or asymptomatic contacts directly presenting
for SARS-CoV-2 testing or samples sent from other medical
wards of AP-HM (including temporarily dedicated COVID-19
units and intensive care units (ICU), or from laboratories outside
AP-HM. Most of the positive patients sampled at IHU Médi-
terranée Infection were followed up in the day-care hospital or

were hospitalized in dedicated infectious disease units at IHU,
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according to the severity of the disease. When required, patients
were transferred to ICU at AP-HM.

2.2 | Surveillance of SARS-CoV-2 and
identification of variants

SARS-CoV-2 genotyping was performed from nasopharyngeal sam-
ples as previously described.” The Omicron variant was identified
first by the absence of detection of amino acid substitutions L452R
and P681R with TagMan SARS-CoV-2 mutation assays (Thermo
Fisher Scientific) and by positivity of ORF1 and N genes but nega-
tivity of the S gene with the TagPath COVID-19 kit (Thermo Fisher
Scientific).*> Then, SARS-CoV-2 genomes were obtained and ana-
lyzed as previously described.” Briefly, next-generation sequencing
was performed using either the lllumina COVID-seq protocol and the
NovaSeq. 6000 instrument (lllumina Inc.) or the Oxford Nanopore
Technology (ONT) and the GridlON instrument (Oxford Nanopore
Technologies Ltd.). Genome sequences were assembled by mapping
on the SARS-CoV-2 genome GenBank accession no. NC_045512.2
(Wuhan-Hu-1
minimap2).® Samtools (https://www.htslib.org/) were used to soft

isolate) using Minimap2 (https://github.com/Ih3/

clip primers (https://artic.network/) and remove sequence dupli-
cates.” Consensus genomes were generated using Sam2consensus
(https://github.com/vbsreenu/Sam2Consensus) through a first in-
house script written in Python language (https://www.python.org/).
Mutation detection was performed with Nextclade web application
(https://clades.nextstrain.org/)® and freebayes (https://github.com/
freebayes/freebayes).” SARS-CoV-2 genotype was determined with
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a second in-house Python script. Nextstrain clades and Pangolin
lineages were determined using Nextclade and Pangolin web appli-

cation (https://cov-lineages.org/pangolin.html),*®

respectively. Gen-
ome sequences were deposited in the GISAID sequence database

(https://www.gisaid.org/).1*

2.3 | Ethical statement
This research project was validated by the ethics committee of the
Méditerranée Infection Institute under reference 2022-001.

Access to the patients' biological and registry data issued from
the hospital information system was approved by the data protection
committee of Assistance Publique-Hépitaux de Marseille (AP-HM)
and was recorded in the European General Data Protection Regula-
tion Registry under number RGPD/APHM 2019-73.

3 | RESULTS

As per December 31, 2021, 1119 infections with the SARS-CoV-2
Omicron variant have been diagnosed at IHU Méditerranée Infection.
During the same period of time, 3075 infections with the SARS-CoV-
2 Delta variant (B.1.617.2) have been diagnosed. The first Omicron
case was diagnosed on November 28, 2021 (Figure 1), and the
number of cases rapidly increased starting in mid-December. Con-
versely, the number of Delta cases decreased after mid-December.
At the end of December, the number of Omicron cases exceeded that
of Delta cases.

SARS-CoV-2 qPCR-positive patients with viral genotype available

50
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FIGURE 1 Dynamic of diagnoses of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection by quantitative polymerase
chain reaction (qPCR) and of Omicron and Delta variants between November 28, 2021, and December 31, 2021. Graphic represents the daily
distribution of positive cases of SARS-CoV-2 infection diagnosed by qPCR (light blue), of cases for which SARS-CoV-2 genotype was obtained
(dark blue), of infections with the Omicron variant (black), and of infection with the Delta variant (orange) at the Institut Hospitalo-
Universitaire Méditerranée Infection, Marseille, France, between November 28, 2021 and December 31, 2021
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3.1 | Demographics and clinical information

Demographics and clinical data retrospectively obtained from elec-
tronic medical files were anonymized before analysis (Table 1). The
median age of the patients infected with the Omicron variant was 33
years, with more than 70% being younger than 50 years. About one-
quarter of the patients had a high viral load (gQPCR cycle threshold

value [C] < 20). The vast majority of the patients were symptomatic

Omicron (N=1119)

Delta (N = 3075)

(63.5%) and the hospitalization rate was low (1.9%) with a median age
of 49 years among hospitalized patients. Only one 53-year-old male
patient with an asymptomatic SARS-CoV-2 Omicron infection was
transferred to ICU because of a subarachnoid hemorrhage in relation
to a ruptured Sylvian aneurysm. An 89-year-old woman with a
history of hypertension who presented with fever, cough, and hy-
poxemia died. She had received three doses of the anti-SARS-CoV-2

vaccine.

TABLE 1 Characteristics of patients
infected with severe acute respiratory

Number % Number
Sex
Female 611 54.6 1576
Male 508 45.4 1499
Median age (min-max) (years) 33 (0-93) 42 (0-100)
Age range (years)
0-9 31 2.8 129
10-14 24 21 156
15-19 78 7.0 124
20-29 337 30.1 387
30-39 207 185 559
40-49 156 13.9 649
50-64 50 4.5 638
265 236 211 433
SARS-CoV-2 PCR C; value!© 882730«
<10 0 0 0
10-19 289 26.6 1097
20-29 702 64.5 1520
30-34 97 8.9 313
Self-reported symptoms® 762303
Symptomatic 569 63.5 1788
Asymptomatic 327 36.5 517
Hospitalization 21 1.9 367
Transfer to intensive care unit 1 0.1 94
Death 1 0.1 39
COVID-19 vaccination status®?26* 73>
Not vaccinated 443 53.6 1166
Vaccinated 383 46.4 789
One dose 30 7.8 65
Two doses 257 67.1 630
Three doses 95 24.8 93

Four doses™* 1 0.3 1

0/ kKK
° p value syndrome coronavirus 2 (SARS-CoV-2)

Omicron and Delta variants from 28

51.3 0.055 November to 31 December 2021

48.7
<0.0001
<0.0001
4.2
5.1
4.0
12.6
18.2
211
20.7
141

<0.0001

37.4
51.9
10.7
<0.0001
77.6
224
11.9 <0.0001
3.1 <0.0001
13 <0.0001
0.003
59.6
40.4
8.3
79.8
11.8

0.1
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Delta (N = 3075)

Number % Number % p value***
Median time between last vaccine 122 (1-299) 137 (1-316) 0.0001
injection and positive SARS-CoV-2
PCR (min-max) (days)2®? °1°
Time range between last vaccine
injection and positive SARS-CoV-2
PCR (days)?®? >42
<21 55 26.3 64 114 <0.0001
>21 154 73.7 498 8.6

Note: Superscript numbers indicate the number of patients for whom data were available.

*ID-NOW technique.

**Patients with a previous SARS-CoV-2 infection were considered as having received one dose of

vaccine.

=2 Fisher's exact test or t test when appropriate. STATA software version 16.0 (Copyright 2009
StataCorp LP, http://www.stata.com) was used for statistical analysis. Differences in the proportions
were tested by Pearson's x2 or Fisher's exact tests when appropriate. Differences in the mean of
quantitative variables were evaluated using t test. Results with a p value < 0.05 were considered to be

statistically significant.

As a comparison, patients infected with the Delta variant during
the same period of time were significantly older with a greater pro-
portion presenting with a high viral load (37.4%). They were sig-
nificantly more likely to be symptomatic (77.6%) than patients
infected with the Omicron variant and their hospitalization rate was
6.2 times higher (median age of 63 years), transfer to ICU was
31 times more frequent and lethality rate was 13 times higher
(median age of 63 years).

3.2 | Vaccination status

Information about vaccination status was available for 826 Omicron
cases (Table 1) of whom 46.4% were vaccinated, with the large
majority having received at least two doses of vaccine (91.9%) in-
cluding 7.8% who received one dose, 67.1% two doses, 24.8% three
doses (one death), and 0.3% four doses. Interestingly, 26.3% of in-
fections among vaccinated individuals occurred during the first
21 days following the last dose of vaccine (Figure 2). Compared to
patients infected with the Omicron variant, those infected with the
Delta variant were significantly less likely to be vaccinated (40.4%)
and to be infected during the first 21 days following vaccination
(11.4%). Viral load in vaccinated patients (mean C; value = 23.2) was
similar to that of unvaccinated patients (mean C; value = 23.4) with

p value =0.3.

4 | DISCUSSION

We observed a rapid increase in the proportion of the SARS-CoV-2
Omicron variant among SARS-CoV-2-infected patients during December
2021, exceeding the Delta variant at the end of 2021 and supporting its

higher transmissibility.> Unfortunately, we are unable to calculate the
transmission dynamics due to the lack of necessary epidemiological data.
It has been hypothesized that superspreading events may account for the
increased transmissibility of the Omicron variant.? A short median time of
incubation (3 days) was calculated in the context of a recent outbreak in
Norway and may also account for the rapid spread of Omicron cases.® Of
note, we observed a greater proportion of patients with a high viral load
among those infected with the Delta variant as compared to those in-
fected with the Omicron variant, suggesting that infectivity does not
correlate with viral load.

We observed low rates of hospitalization, transfer to ICU, and
death in patients infected with the Omicron variant, in line with other
reports.”>12*> Compared to patients infected with the Delta variant
during the same period of time, the severity of COVID-19 in patients
infected with the Omicron variant appeared much lower. However,
larger cohorts of patients with a longer duration of follow-up are
required to conclude on the severity of the Omicron variant
compared to that of other variants.

As already observed in other countries, a high proportion of
cases occurred in fully vaccinated people (Table 2). In our experience,
about one-quarter of vaccinated patients who get infected with the
Omicron variant were infected during the first 3 weeks following
vaccination. These early infections may not be considered in other
works.?*? The proportion of vaccinated cases and the proportion of
early infections following vaccination was lower in patients infected
with the Delta variant. These early breakthrough infections raise the
question of a possible early and transient production of facilitating
antibodies following vaccination with COVID-19 mRNA vaccines, as
previously suggested,’**” and they may be neglected and con-
sidered as direct side effects of the vaccine. As a matter of fact,
infections in the 2 weeks following vaccination were not evaluated in

most vaccine studies.
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Number of SARS-CoV-2 infections

Time between last dose of vaccine and SARS-CoV-2 positive RT-PCR (weeks)

FIGURE 2 Distribution of the numbers of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron infections corresponding
to vaccine breakthrough according to time following the last dose of anti-SARS-CoV-2 vaccination. The graphic represents the distribution of
diagnoses of SARS-CoV-2 infection with the Omicron variant corresponding to vaccine breakthrough according to the number of weeks
following anti-SARS-CoV-2 vaccination. The delay to infection was calculated as the difference between the time of the first positive
SARS-CoV-2 gPCR and that of the vaccine dose (first to fourth dose) last received by the patient

Study 1 Study 2
Total number of patients 1119 785
Location Marseille, France Denmark?

(this study) (nationwide)

Study period Nov 28-Dec Nov 28-Dec
31, 2021 9, 2021
Number of patients with 826 785

known vaccination status

Number (%) of fully
vaccinated patients

353 (42.7%) 655 (83.4%)

In conclusion, the protection resulting from COVID-19 vaccines
against infection with Omicron is not optimal. The benefit of anti-
SARS-CoV-2 vaccines against severe infections may be limited if it is
confirmed that the Omicron variant is not associated with severe
forms of the disease. Finally, early breakthrough infections following
COVID-19 vaccination should be better studied by highlighting the
possible presence of facilitating antibodies in the serum and the na-
sopharyngeal samples of the patients infected during the first
3 weeks following their vaccination.
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TABLE 2 Vaccination rates in patients
infected with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
Omicron variant in different early studies

Study 3
43

US'? (nationwide)

Dec 1-8, 2021

42

34 (80.9%)
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