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Abstract: The Omicron variant of concern (VOC), first detected in Italy at the end of November
2021, has since spread rapidly, despite high vaccine coverage in the Italian population, especially in
healthcare workers (HCWs). This study describes an outbreak of SARS-CoV-2 Omicron infection in
15 booster-vaccinated HCWs. On 16 December 2021, two HCWs working in the same ward were
infected with SARS-CoV-2. The Omicron VOC was suspected due to S gene target failure on molecular
testing. Further investigation revealed that 15 (65%) of 23 HCWs attending a social gathering on 13
December were infected with Omicron, as shown by whole-genome sequencing, with a phylogenetic
tree suggesting a common source of exposure. Five of these HCWs experienced mild symptoms. A
patient with multiple chronic conditions hospitalized in the same ward was also infected by one
of the HCWs involved in the outbreak. Despite being booster vaccinated, this patient required
ICU treatment. Ten subjects achieved negativity in 10–19 days. The outbreak in booster-vaccinated
subjects confirms the high transmissibility and immune evasion of the Omicron VOC. More stringent
non-pharmaceutical interventions, administration of booster doses, and genomic surveillance are
crucial long-term strategies to mitigate the consequences of the spread of the Omicron VOC.

Keywords: SARS-CoV-2 Omicron variant; outbreak; COVID-19 vaccine; surveillance; epidemiology;
hospitalization; Italy

1. Introduction

On 14 November 2021, a new variant of SARS-CoV-2 virus was identified in an
immunocompromised patient in South Africa [1]. Subsequently, the case rates in Gauteng
province of South Africa increased faster than in previous waves [2], with this new variant
overtaking Delta as the predominant lineage in South Africa [3]. The new SARS-CoV-2
strain belongs to the B.1.1.529 lineage and is characterized by an unusually high number
of mutations in the spike protein. Some of these mutations are of particular concern, as
they could be associated with immune escape potential and higher transmissibility [1].
The B.1.1.529 variant was designated a variant of concern (VOC) by the World Health
Organization on 26 November 2021 and was given the name Omicron [3]. One of the
characteristic mutations of the Omicron VOC is the 69/70 deletion in the spike protein,
which impairs the detection of the S gene (S gene target failure [SGTF]) using common
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commercial real-time PCR kits [3]. The same mutation was present in the Alpha VOC, the
spread of which was monitored using the SGTF approach [4–6]. Therefore, similar to the
Alpha SARS-CoV-2 variant, the SGTF can be considered a useful proxy marker for the early
identification and monitoring of the spread of this new VOC [1,7].

The immunity conferred by vaccination is likely to be lower in subjects infected with
the Omicron than with the Delta VOC [8]. Moreover, preliminary evidence suggests an
increased risk of reinfection with this variant [1]. However, people who either are booster-
vaccinated or who were previously infected are likely to have stronger protection against
Omicron [8].

As of 20 December 2021, Omicron has been detected in most countries, and the number
of COVID-19 cases caused by this variant is increasing exponentially worldwide [8]. The
overall number of confirmed cases of Omicron infections in the European Union and
European Economic Area (EU/EEA) by 19 December 2021 was 4691, with most being
autochthonous cases [9]. The rapid spread of the Omicron VOC has led to the expectation
that this variant will become the predominant one in a short time and that Christmas
holiday gatherings may further accelerate this trend [8].

Regarding the disease, more data are needed to understand the severity profile of the
Omicron VOC. Preliminary data on characteristics and outcomes of subjects involved in the
fourth wave in South Africa showed that, compared with the previous SARS-CoV-2 waves,
fewer patients presenting to the Emergency Department were admitted to the hospital
and that, among hospitalized patients, the degree of disease severity and mortality rates
were lower [10]. These features may be associated with the more limited capacity the
variant to replicate in lung tissue than in bronchial tissue [11]. Moreover, the relative low
hospitalization rates due to infection with Omicron in South Africa may be associated with
the high levels of previous infection [12].

In Italy, the first cases of Omicron VOC were identified at the end of November
2021 [13]. Following the identification of these cases and in accordance with European
guidelines [14], the Italian Ministry of Health has endeavored to enhance the genomic
surveillance of SARS-CoV-2 strains. This may allow early identification of cases of Omicron
infection, enabling the application of public health measures to contain the spread of the
Omicron VOC at the national level [15]. The most recent national survey in Italy performed
to estimate the prevalence of VOCs showed a very rapid increase in the prevalence of the
Omicron VOC, increasing from 0.19% [16] to 80.75% of cases in less than 1 month [17]. In
the Apulia region, the first two cases of Omicron VOC were identified in samples collected
on 13 December 2021 [13].

The present study describes an autochthonous outbreak of SARS-CoV-2 Omicron VOC
in healthcare workers (HCWs) vaccinated with three doses of BNT162b2 mRNA COVID-19
vaccine (booster-vaccinated) in the Apulia region of Southern Italy, which occurred after
they attended a social gathering in early December 2021. The outbreak was investigated
in depth to increase knowledge about the Omicron variant and to develop better targeted
infection control measures.

2. Patients and Methods

On 16 December 2021, following molecular tests that showed positivity for SARS-
CoV-2 and SGTF, two HCWs working in the same ward were suspected of being infected
with SARS-CoV-2 Omicron VOC. An outbreak investigation to trace other probable cases
identified 15 HCWs infected with SARS-CoV-2 Omicron VOC. The clinical presentation of
cases was classified according to the National Institute of Health (NIH) clinical staging of
COVID-19 disease [18]. Nasopharyngeal swabs (UTM, FLOQ Swabs TM, Copan Italia, Bres-
cia, Italy) were processed at the Laboratory of Molecular Epidemiology and Public Health
of the Hygiene Unit (A.O.U.C. Policlinico Bari, Italy), the coordinator of the Regional Labo-
ratory Network for SARS-CoV-2 diagnosis in the Apulia region. RNA was extracted using
MagMAX Viral/Pathogen NucleicAcid Isolation Kits (Thermo Fisher Scientific, Waltham,
MA, USA), and molecular testing was performed using TaqPath RT-PCR COVID-19 Assays,
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a three-target commercial multiplex real-time PCR assay based on the identification of the
N, ORF1ab, and S genes (Thermo Fisher Scientific). SGTF-positive samples were screened
for the presence of notable types of spike protein mutations (HV 69–70 deletion, N501Y,
K417N, E484K, and K417T) using commercial multiplex real-time PCR kits (Seegene Allplex
SARS-CoV-2 Variants I and II Assay, Arrows Diagnostics, Genova, Italy). For each positive
sample, the cycle threshold (Ct) values were recorded for all three genes as an indirect index
of viral load and a valuable proxy for infectious virus [19,20]. Additionally, whole-genome
sequencing (WGS) was performed using the Ion Torrent platform (ThermoFisher Scientific,
Waltham, MA, USA), as previously described [21]. Phylogenetic analysis was performed
using the Nextclade sequence analysis webapp (https://clades.nextstrain.org/, accessed on
14 February 2021). Strains closely related to those identified in the outbreak were evaluated
by analysis of strains in the GISAID database [13] (www.gisaid.org, accessed on 11 January
2021). Clade information was described using the GISAID and Nextstrain nomenclature,
and lineage information was described using the Pangolin nomenclature. The sequences
of 10 strains detected during the outbreak were deposited in the GenBank database (ac-
cession numbers: EPI_ISL_8143019, EPI_ISL_8142277, EPI_ISL_8140764, EPI_ISL_8925453,
EPI_ISL_8925543, EPI_ISL_8925551, EPI_ISL_8925610, EPI_ISL_8925645, EPI_ISL_8925646,
EPI_ISL_8926378).

3. Results

On 15 December 2021, two HCWs working in the surgery ward of the Policlinico
Hospital of Bari, Apulia region, presented with cough and cold. Nasopharyngeal swabs
taken from these two HCWs on 16 December 2021 were positive for SARS-CoV-2. Because
multiplex real-time PCR showed SGTF in both HCWs and according to the definition of
the Italian Ministry of Health [15], these two subjects were regarded as probably infected
with the Omicron VOC. Epidemiological investigation revealed that these two subjects
had attended a Christmas dinner with their colleagues on 13 December 2021. Twenty-
three attendees, all HCWs, were identified and nasopharyngeal swabs were obtained. The
23 subjects included six (26%) men and 17 (74%) women, of average age 32 years. Overall,
15 (65%) HCWs tested positive for SARS-CoV-2 (Table 1), with all 15 positive samples
showing an SGTF. Molecular screening for variant identification revealed the presence of
the del69/70, N501Y, and K417N mutations.

Table 1. Demographic, clinical, laboratory, and vaccination data of the healthcare workers (HCWs)
and the patient involved in this outbreak.

Case Sex Age
(Years)

Clinical
Status

Symptom
Onset

Date of
Sample

Collection

Date of
Negative
Sample

Real-Time PCR (Ct *) Vaccine (BNT162b2 mRNA
COVID-19 Vaccine)

N Gene ORF1ab
Gene

S
Gene Dose I Dose II Dose III

1 (HCW) F 29 Mild 15/12/2021 16/12/2021 - 20 21 - 07/01/2021 29/01/2021 26/10/2021
2 (HCW) F 40 Asymptomatic 16/12/2021 04/01/2022 19 20 - 11/01/2021 03/02/2021 02/11/2021
3 (HCW) F 31 Asymptomatic 18/12/2021 29/12/2021 26 27 - 07/01/2021 29/01/2021 19/11/2021
4 (HCW) F 32 Asymptomatic 16/12/2021 04/01/2022 14 15 - 07/01/2021 29/01/2021 27/10/2021
5 (HCW) F 43 Asymptomatic 17/12/2021 - 15 16 - 11/01/2021 03/02/2021 25/10/2021
6 (HCW) F 32 Mild 15/12/2021 17/12/2021 04/01/2022 20 20 - 11/01/2021 03/02/2021 06/12/2021
7 (HCW) M 29 Asymptomatic 20/12/2021 - 15 16 - 12/01/2021 04/02/2021 16/11/2021
8 (HCW) M 30 Asymptomatic 17/12/2021 04/01/2022 29 29 - 09/02/2021 03/03/2021 11/11/2021
9 (HCW) M 29 Asymptomatic 20/12/2021 30/12/2021 25 25 - 11/01/2021 03/02/2021 03/11/2021

10 (HCW) F 29 Mild 16/12/2021 17/12/2021 31/12/2021 20 21 - 05/01/2021 27/01/2021 22/10/2021
11 (HCW) F 29 Mild 18/12/2021 17/12/2021 - 18 19 - 07/01/2021 29/01/2021 28/10/2021
12 (HCW) M 41 Asymptomatic 16/12/2021 04/01/2022 17 17 - 12/01/2021 04/02/2021 03/11/2021
13 (HCW) M 25 Asymptomatic 16/12/2021 04/01/2022 31 31 - 05/01/2021 27/01/2021 03/11/2021
14 (HCW) F 28 Mild 15/12/2021 16/12/2021 30/12/2021 26 28 - 05/01/2021 27/01/2021 14/10/2021
15 (HCW) F 29 Asymptomatic 20/12/2021 - 20 20 - 09/01/2021 01/02/2021 03/11/2021

16 (Patient) F 49 Severe 21/12/2021 21/12/2021 03/01/2022 26 26 - 30/03/2021 20/04/2021 21/09/2021

* Ct = cycle threshold; F = female; M = male.

The Ct values of all positive samples were low, averaging 21. Of the 15 positive
subjects, five showed mild symptoms, and the other 10 were asymptomatic. All of the
positive HCWs were booster-vaccinated. WGS of nine strains showed that they were closely

https://clades.nextstrain.org/
www.gisaid.org
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related to each other, confirming a common source of exposure (Figure 1). Sequences of
five strains were not successfully obtained.

The HCWs negative for SARS-CoV-2 were not quarantined, but they were required
to wear ffp2 masks during working shifts and to monitor themselves for fever or other
symptoms consistent with COVID-19. Nasopharyngeal swabs taken 7 and 10 days after
exposure were all negative for SARS-CoV-2.

On the basis of the suspicion of a cluster caused by the Omicron VOC, all the
25 patients hospitalized in the involved ward were screened on 17 December 2021 and
found to be negative for SARS-CoV-2 infection. No patients were exposed but discharged
before the screening date was identified. On 21 December, a 49-year-old woman hospital-
ized for a surgical aortic and mitral valve replacement, which had been performed on 15
December, showed respiratory distress and required intensive care support. The patient
was affected by kidney failure requiring dialysis, high blood pressure, and monoclonal
gammopathy of undetermined significance. A molecular test performed on 21 December
2021 showed that she was positive for SARS-CoV-2. The patient had been vaccinated with
three doses of the BNT162b2 vaccine, the third vaccination on 21 September 2021. WGS
showed that the strain detected in this patient was closely related to those identified in the
HCWs involved in the outbreak, confirming nosocomial infection (Figure 1).
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Figure 1. (A) Phylogenetic analysis of hCoV19/Italy/PUG_UNIBA_APU_BA391/2021. Other
genomes were retrieved from GISAID (https://www.gisaid.org, accessed on 14 February 2021).
(B) Phylogenetic tree of 12 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron
VOC full genome sequences from Apulia, including the 10 genomes identified in this study. Clade
information using the GISAID and Nextstrain nomenclatures is shown. The strain of the patient is
underlined in red.

The clinical conditions of the patient improved, and she was transferred to the Pneu-
mology ward on 27 December 2021. Because these HCWs worked in a non-COVID-19
ward, they wore surgical masks during their working shifts.

At the time of this writing, molecular testing showed that 11 of these subjects had
become negative for SARS-CoV-2, whereas five subjects remained positive. The median
time from diagnosis to negativity was 14 days (range: 10–19 days). All symptomatic subjects
recovered after few days. The patient who required intensive care support recovered
completely and was discharged on 4 January 2022.

4. Discussion

The outbreak described in this study underlines some important issues about the
effectiveness of vaccines against the transmission of the Omicron VOC and the need to
strengthen non-pharmaceutical interventions (NPIs) to contain its spread, especially in

https://www.gisaid.org
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HCWs. These findings may also provide insight into the natural history of SARS-CoV-2
Omicron VOC infections.

The cluster described here could not be linked to previous cases of Omicron VOC
infection. Thus, despite travel restrictions and extended contact tracing efforts [22], the
Omicron VOC showed widespread community transmission beginning in early December
2021. An ongoing community transmission of Omicron VOC was also reported in Den-
mark [23], with the earliest cases of Omicron in Denmark identified in samples collected
before the first announcement of this variant from South Africa [23].

The subjects involved in the outbreak were all booster-vaccinated. Currently available
evidence shows that the efficacy of currently available vaccines is significantly reduced
against the Omicron VOC [14,24], as well as against symptomatic infection [25]. Of the
cluster of 15 HCWs, five (33%) showed mild symptoms and none required hospitalization.
By contrast, the patient who had already been hospitalized for chronic clinical conditions
showed severe symptoms. Initial data from the United Kingdom have shown that one dose
of any vaccine shows a VE against hospitalization of 52%, that two doses are associated with
vaccine effectiveness (VE) rates of 72% for up to 24 weeks after the second dose and 52%
after 25 weeks [25], and that three doses result in a VE rate of 88% [25]. In a study performed
in South Africa, however, the overall estimated VE rate after two doses of the BNT162b2
vaccine against hospitalizations caused by the Omicron VOC was 70%, lower than the 93%
estimated for the Delta variant [26]. The addition of a booster dose has been reported to
improve VE rates against severe outcomes [27,28]. Despite all subjects in this outbreak
having been vaccinated, they became infected, suggesting that the mRNA vaccines have
low rates protection against the Omicron VOC. In addition, prolonged viral shedding was
observed, confirming that mucosal immunity was poorly activated by mRNA vaccines,
thus failing to limit virus entry through this route [29]. However, clinical outcomes in all of
these subjects were considered favorable.

The attack rate reported for the outbreak in Bari was 65%, similar to that reported for
an outbreak caused by the Omicron VOC in early December 2021 in booster-vaccinated
HCWs in the Faroe Islands [30], but lower than that reported for an outbreak in Norway
in November 2021 [7]. None of the subjects in the latter study, however, had received the
booster dose, suggesting that three doses of vaccine could reduce the transmissibility of the
Omicron VOC, thereby improving the VE.

The incubation period for infections caused by the Omicron VOC was shorter than that
for infections caused by the Delta VOC [24]. Moreover, the doubling time for the Omicron
VOC was short [3,31]. The median time between infection and the onset of symptoms in
the infected HCWs current study was 2.5 days, similar to that in an Omicron VOC cluster in
Nebraska in November–December 2021 [24]. The latter outbreak was also characterized by
five cases of reinfection of vaccinated people, suggesting waning immunity and/or partial
immune evasion by Omicron [24].

The most worrisome aspect of the outbreak described in this study was the transmis-
sion of the SARS-CoV-2 Omicron VOC from an HCW involved in the outbreak to a patient
hospitalized for diseases other than COVID-19. This finding confirms that vaccinated
subjects can be infectious and can transmit SARS-CoV-2 virus despite the booster dose.
Non-COVID-19 hospital areas should therefore be considered high-risk environments for
SARS-CoV-2 outbreaks. The virus may originate from patients or HCWs who interact with
others in environments inside and outside the hospital, and may especially affect vulner-
able patients who are hospitalized [32]. Wearing surgical masks, according to protocols
adopted in non-COVID-19 wards, may be insufficient to completely avoid SARS-CoV-2 dis-
semination in hospital wards, especially because the Omicron VOC is highly transmissible.
Therefore, wearing ffp2 masks by HCWs is now advisable. However, since only one patient
in 25 was infected, wearing a surgical mask could be also considered useful. Compared
with the general population, HCWs are at higher risk of repeated exposure to SARS-CoV-2
infection in hospital settings and, despite the use of personal protective equipment such as
ffp2 masks, face shields, double gloves, and gowns, reinfection and nosocomial outbreaks
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caused by wild-type and Alpha strains of SARS-CoV-2 have occurred [20,21]. Because
Omicron VOC is three- to sixfold more infectious than previous variants [33], measures of
infection control in non-COVID-19 wards require strengthening.

As suggested by the European Centre for Disease Prevention and Control [34], NPIs
that were used to control previous variants of SARS-CoV-2 should be further strengthened
in response to the ongoing spread of the Omicron VOC. Future goals should include
modifying or improving current vaccines to mitigate the spread of the Omicron VOC.

5. Conclusions

The Omicron VOC is characterized by very high transmissibility and a high capacity
to cause outbreaks, even among booster-vaccinated subjects such as HCWs. This VOC can
also cause severe disease in subjects with comorbidities. Timely reporting of the spread of
this new variant is crucial, as is the importance of avoiding nonessential travel and social
activities, particularly during the period of the year characterized by Christmas gatherings.
Delays in implementing interventions to contain the spread of SARS-CoV-2 could result in
rapid dissemination of the virus, stress on healthcare systems, and deaths [35]. Even if the
severity of infections caused by the Omicron VOC is lower than that reported for the Delta
VOC [10], the exponential growth of cases associated with the increased transmissibility of
the Omicron VOC could rapidly outweigh any benefits of potentially reduced severity.

Finally, the rapid increase of cases caused by superspreading events has challenged
the mitigation measures that have been introduced to contain the further spread of SARS-
CoV-2 [23]. Vaccines are a crucial long-term strategy to mitigate the consequences of the
spread of SARS-CoV-2. Utmost priority should be given to vaccinating people not yet
vaccinated or not fully vaccinated. The administration of booster doses could accelerate
the control of the virus and its process towards endemicity.

Author Contributions: Conceptualization, D.L. and M.C.; methodology, A.S. and M.A.; investigation,
L.B., L.D. and N.B.; data curation, F.C.; writing—original draft preparation, D.L.; writing—review
and editing, M.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Approval by a research ethics committee was waived be-
cause the activities performed were part of the national and regional COVID-19 surveillance effort.
All procedures were carried out in accordance with the Declaration of Helsinki, as revised in 2013, for
research on human subjects.

Informed Consent Statement: Informed written consent for publication was obtained from all
subjects involved in the study.

Data Availability Statement: All data are available from the corresponding author by e-mail request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Classification of Omicron (B.1.1.529): SARS-CoV-2 Variant of Concern. Available online: https:

//www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern (accessed on 20
January 2022).

2. Network for Genomic Surveillance in South Africa. NGS-SA: Updates, COVID-19 Analysis, Narratives, Reports. Durban:
NGS-SA. 2021. Available online: https://www.ngs-sa.org/ngs-sa_updates_covid-19_analysis_narratives_reports/token/38
(accessed on 20 January 2022).

3. World Health Organization. Enhancing Readiness for Omicron (B.1.1.529): Technical Brief and Priority Actions for Member States.
2021. Available online: https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-
brief-and-priority-actions-for-member-states (accessed on 20 January 2022).

4. European Center for Disease Prevention and Control. Rapid Increase of a SARS-CoV-2 Variant with Multiple Spike Protein
Mutations Observed in the United Kingdom. Threat Assessment Brief. 20 December 2020. Available online: https://www.ecdc.
europa.eu/en/publications-data/threat-assessment-brief-rapid-increase-sars-cov-2-variant-united-kingdom (accessed on 20
January 2022).

https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.ngs-sa.org/ngs-sa_updates_covid-19_analysis_narratives_reports/token/38
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-member-states
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-(b.1.1.529)-technical-brief-and-priority-actions-for-member-states
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-rapid-increase-sars-cov-2-variant-united-kingdom
https://www.ecdc.europa.eu/en/publications-data/threat-assessment-brief-rapid-increase-sars-cov-2-variant-united-kingdom


Vaccines 2022, 10, 283 8 of 9

5. Rambaut, A. Preliminary Genomic Characterisation of an Emergent SARS-CoV-2 Lineage in the UK Defined by a Novel
Set of Spike Mutations—SARS-CoV-2 Coronavirus/nCoV-2019 Genomic Epidemiology, Virological. 2020. Available on-
line: https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-
by-a-novel-set-ofspike-mutations/563 (accessed on 30 January 2021).

6. Loconsole, D.; Centrone, F.; Morcavallo, C.; Campanella, S.; Sallustio, A.; Accogli, M.; Fortunato, F.; Parisi, A.; Chironna, M. Rapid
spread of the SARS-CoV-2 variant of concern 202012/01 in Southern Italy (December 2020–March 2021). Int. J. Environ. Res. Public
Health 2021, 18, 4766. [CrossRef] [PubMed]

7. Brandal, L.T.; MacDonald, E.; Veneti, L.; Ravlo, T.; Lange, H.; Naseer, U.; Feruglio, S.; Bragstad, K.; Hungnes, O.; Ødeskaug,
L.E.; et al. Outbreak caused by the SARS-CoV-2 Omicron variant in Norway, November to December 2021. Euro Surveill. 2021, 26,
2101147. [CrossRef] [PubMed]

8. Centers for Disease Control and Prevention (CDC). Omicron Variant: What You Need to Know. Updated 20 December 2021.
Available online: https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html (accessed on 20 January 2022).

9. European Center for Disease Prevention and Control. European Weekly Epidemiological Update: Omicron Variant of Concern
(VOC)—Week 50 (Data as of 19 December 2021). Available online: https://www.ecdc.europa.eu/en/news-events/weekly-
epidemiological-update-omicron-variant-concern-voc-week-50-data-19-december-2021 (accessed on 20 January 2022).

10. Maslo, C.; Friedland, R.; Toubkin, M.; Laubscher, A.; Akaloo, T.; Kama, B. Characteristics and Outcomes of Hospitalized Patients
in South Africa During the COVID-19 Omicron Wave Compared With Previous Waves. JAMA 2022, 327, 583–584. [CrossRef]
[PubMed]

11. HKUMed Finds Omicron SARS-CoV-2 Can Infect Faster and Better Than Delta in Human Bronchus but with Less Severe Infection
in Lung. Available online: https://www.med.hku.hk/en/news/press/20211215-omicron-sars-cov-2-infection (accessed on 20
January 2022).

12. The Guardian. South Africa: Previous Infections May Explain Omicron Hospitalisation Rate. Available online: https:
//www.theguardian.com/world/2021/dec/14/south-africa-previous-infections-may-explain-omicron-hospitalisation-rate?
fbclid=IwAR0S51uygFgpkwc4NaPnC14Sp6Azfjz-fxeLAujmZH5urFbPjsHzYbsciAM (accessed on 20 January 2022).

13. GISAID Database. Available online: https://www.gisaid.org/ (accessed on 20 January 2022).
14. European Centre for Disease Prevention and Control. Threat Assessment Brief: Implications of the Further Emergence and

Spread of the SARS CoV 2 B.1.1.529 Variant of Concern (Omicron) for the EU/EEA First Update. Available online: https://www.
ecdc.europa.eu/en/publications-data/covid-19-threat-assessment-spread-omicron-first-update (accessed on 20 January 2022).

15. Ministero Della Salute. Comunicazione dei casi Confermati e Probabili di Infezione da SARS CoV-2 VOC Omicron; Circolare Min-
isteriale: 0056808-10/12/2021-DGPRE-DGPRE-P. Available online: https://www.seremi.it/sites/default/files/Sorveglianza%20
casi%20VOC%20Omicron.pdf (accessed on 11 February 2022).

16. Istituto Superiore di Sanità. Stima Della Prevalenza Delle Varianti VOC (Variants of Concern) in Italia: Beta, Gamma, Delta,
Omicron e Altre Varianti di SARS-CoV-2 (Indagine del 06/12/2021). Available online: https://www.epicentro.iss.it/coronavirus/
pdf/sars-cov-2-monitoraggio-varianti-indagini-rapide-6-dicembre-2021.pdf (accessed on 11 February 2022).

17. Istituto Superiore di Sanità. Stima della prevalenza delle varianti VOC (Variant Of Concern) e di altre varianti di SARS-CoV-2 in
Italia (Indagine del 03/01/2022). Available online: https://www.iss.it/documents/20126/0/Report_flashVarianti_14gennaio22.
pdf/b44b1a7d-a0c1-67fd-44b7-34c8b775c088?t=1642162662435 (accessed on 11 February 2022).

18. National Institute of Health (NIH). Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. Available online: https:
//files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf (accessed on 20 January 2022).

19. Singanayagam, A.; Patel, M.; Charlett, A.; Bernal, J.L.; Saliba, V.; Ellis, J.; Ladhani, S.; Zambon, M.; Gopal, R. Duration of
infectiousness and correlation with RT-PCR cycle threshold values in cases of COVID-19, England, January to May 2020. Euro
Surveill. 2020, 25, 2001483. [CrossRef] [PubMed]

20. Loconsole, D.; Sallustio, A.; Accogli, M.; Leaci, A.; Sanguedolce, A.; Parisi, A.; Chironna, M. Investigation of an outbreak of
symptomatic SARS-CoV-2 VOC 202012/01-lineage B.1.1.7 infection in healthcare workers, Italy. Clin. Microbiol. Infect. 2021, 27,
1174.e1–1174.e4. [CrossRef] [PubMed]

21. Loconsole, D.; Sallustio, A.; Accogli, M.; Centrone, F.; Casulli, D.; Madaro, A.; Tedeschi, E.; Parisi, A.; Chironna, M. Symptomatic
SARS-CoV-2 reinfection in a healthy healthcare worker in Italy confirmed by whole-genome sequencing. Viruses 2021, 13, 899.
[CrossRef] [PubMed]

22. Ministero Della Salute. Diffusione Nuova Variante VOC B.1.1.529 Omicron. Circolare Ministeriale: 0054258-26/11/2021-DGPRE-
DGPRE-P. Available online: https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2021&codLeg=84134&
parte=1%20&serie=null (accessed on 11 February 2022).

23. Espenhain, L.; Funk, T.; Overvad, M.; Edslev, S.M.; Fonager, J.; Ingham, A.C.; Rasmussen, M.; Madsen, S.L.; Espersen, C.H.; Sieber,
R.N.; et al. Epidemiological characterisation of the first 785 SARS-CoV-2 Omicron variant cases in Denmark, December 2021. Euro
Surveill. 2021, 26, 2101146. [CrossRef]

24. Jansen, L.; Tegomoh, B.; Lange, K.; Showalter, K.; Figliomeni, J.; Abdalhamid, B.; Iwen, P.C.; Fauver, J.; Buss, B.; Donahue, M.
Investigation of a SARS-CoV-2 B.1.1.529 (Omicron) variant cluster—Nebraska, November–December 2021. MMWR Morb. Mortal.
Wkly. Rep. 2021, 70, 1782–1784. [CrossRef] [PubMed]

https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-ofspike-mutations/563
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-ofspike-mutations/563
http://doi.org/10.3390/ijerph18094766
http://www.ncbi.nlm.nih.gov/pubmed/33947087
http://doi.org/10.2807/1560-7917.ES.2021.26.50.2101147
http://www.ncbi.nlm.nih.gov/pubmed/34915975
https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://www.ecdc.europa.eu/en/news-events/weekly-epidemiological-update-omicron-variant-concern-voc-week-50-data-19-december-2021
https://www.ecdc.europa.eu/en/news-events/weekly-epidemiological-update-omicron-variant-concern-voc-week-50-data-19-december-2021
http://doi.org/10.1001/jama.2021.24868
http://www.ncbi.nlm.nih.gov/pubmed/34967859
https://www.med.hku.hk/en/news/press/20211215-omicron-sars-cov-2-infection
https://www.theguardian.com/world/2021/dec/14/south-africa-previous-infections-may-explain-omicron-hospitalisation-rate?fbclid=IwAR0S51uygFgpkwc4NaPnC14Sp6Azfjz-fxeLAujmZH5urFbPjsHzYbsciAM
https://www.theguardian.com/world/2021/dec/14/south-africa-previous-infections-may-explain-omicron-hospitalisation-rate?fbclid=IwAR0S51uygFgpkwc4NaPnC14Sp6Azfjz-fxeLAujmZH5urFbPjsHzYbsciAM
https://www.theguardian.com/world/2021/dec/14/south-africa-previous-infections-may-explain-omicron-hospitalisation-rate?fbclid=IwAR0S51uygFgpkwc4NaPnC14Sp6Azfjz-fxeLAujmZH5urFbPjsHzYbsciAM
https://www.gisaid.org/
https://www.ecdc.europa.eu/en/publications-data/covid-19-threat-assessment-spread-omicron-first-update
https://www.ecdc.europa.eu/en/publications-data/covid-19-threat-assessment-spread-omicron-first-update
https://www.seremi.it/sites/default/files/Sorveglianza%20casi%20VOC%20Omicron.pdf
https://www.seremi.it/sites/default/files/Sorveglianza%20casi%20VOC%20Omicron.pdf
https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-varianti-indagini-rapide-6-dicembre-2021.pdf
https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-varianti-indagini-rapide-6-dicembre-2021.pdf
https://www.iss.it/documents/20126/0/Report_flashVarianti_14gennaio22.pdf/b44b1a7d-a0c1-67fd-44b7-34c8b775c088?t=1642162662435
https://www.iss.it/documents/20126/0/Report_flashVarianti_14gennaio22.pdf/b44b1a7d-a0c1-67fd-44b7-34c8b775c088?t=1642162662435
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf
http://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483
http://www.ncbi.nlm.nih.gov/pubmed/32794447
http://doi.org/10.1016/j.cmi.2021.05.007
http://www.ncbi.nlm.nih.gov/pubmed/33984489
http://doi.org/10.3390/v13050899
http://www.ncbi.nlm.nih.gov/pubmed/34066205
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2021&codLeg=84134&parte=1%20&serie=null
https://www.trovanorme.salute.gov.it/norme/renderNormsanPdf?anno=2021&codLeg=84134&parte=1%20&serie=null
http://doi.org/10.2807/1560-7917.ES.2021.26.50.2101146
http://doi.org/10.15585/mmwr.mm705152e3
http://www.ncbi.nlm.nih.gov/pubmed/34968376


Vaccines 2022, 10, 283 9 of 9

25. UK Health Security Agency. SARS-CoV-2 Variants of Concern and Variants under Investigation in England. Technical Brief-
ing: Update on Hospitalisation and Vaccine Effectiveness for Omicron VOC-21NOV-01 (B.1.1.529); 31 December 2021. Avail-
able online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044481/
Technical-Briefing-31-Dec-2021-Omicron_severity_update.pdf (accessed on 20 January 2022).

26. Collie, S.; Champion, J.; Moultrie, H.; Bekker, L.G.; Gray, G. Effectiveness of BNT162b2 vaccine against Omicron variant in South
Africa. N. Engl. J. Med. 2021, 386, 494–496. [CrossRef]

27. Barda, N.; Dagan, N.; Cohen, C.; Hernan MA Lipsitch, M.; Kohane, I.S.; Reis, B.Y.; Balicer, R.D. Effectiveness of a third dose of
the BNT162b2 mRNA COVID-19 vaccine for preventing severe outcomes in Israel: An observational study. Lancet 2021, 398,
2093–2100. [CrossRef]

28. Garcia-Beltran, W.F.; St Denis, K.J.; Hoelzemer, A.; Lam, E.C.; Nitido, A.D.; Sheehan, M.L.; Berrios, C.; Ofoman, O.; Chang, C.C.;
Hauser, B.M.; et al. mRNA-based COVID-19 vaccine boosters induce neutralizing immunity against SARS-CoV-2 Omicron
variant. Cell 2022, 185, 457–466.e4. [CrossRef] [PubMed]

29. Azzi, L.; Dalla Gasperina, D.; Veronesi, G.; Shallak, M.; Ietto, G.; Iovino, D.; Baj, A.; Gianfagna, F.; Maurino, V.; Focosi, D.; et al.
Mucosal immune response in BNT162b2 COVID-19 vaccine recipients. EBioMedicine 2021, 75, 103788. [CrossRef] [PubMed]

30. Helmsdal, G.; Hansen, O.K.; Møller, L.F.; Christiansen, D.H.; Skaalum Petersen, M.; Kristiansen, M.F. Omicron outbreak at a
private gathering in the Faroe Islands, infecting 21 of 33 triple-vaccinated healthcare workers. medRxiv, 2021; preprint. [CrossRef]
[PubMed]

31. Karim, S.S.A.; Karim, Q.A. Omicron SARS-CoV-2 variant: A new chapter in the COVID-19 pandemic. Lancet 2021, 398, 2126–2128.
[CrossRef]

32. Roberts, S.C.; Palacios, C.F.; Grubaugh, N.D.; Alpert, T.; Ott, I.M.; Breban, M.I.; Martinello, R.A.; Smith, C.; Davis, M.W.; Mcmanus,
D.; et al. An outbreak of SARS-CoV-2 on a transplant unit in the early vaccination era. Transpl. Infect. Dis, 2021; Epub ahead of
print. [CrossRef] [PubMed]

33. Callaway, E.; Ledford, H. How bad is Omicron? What scientists know so far. Nature 2021, 600, 197–199. [CrossRef] [PubMed]
34. European Center for Disease Prevention and Control. Rapid Risk Assessment. Assessment of the Further Emergence and

Potential Impact of the SARS-CoV-2 Omicron Variant of Concern in the Context of Ongoing Transmission of the Delta Variant
of Concern in the EU/EEA, 18th Update. 15 December 2021. Available online: https://www.ecdc.europa.eu/sites/default/
files/documents/covid-19-assessment-further-emergence-omicron-18th-risk-assessment-december-2021.pdf (accessed on 29
December 2021).

35. Sonabend, R.; Whittles, L.K.; Imai, N.; Perez-Guzman, P.N.; Knock, E.S.; Rawson, T.; Gaythorpe, K.A.M.; Djaafara, B.A.; Hinsley,
W.; FitzJohn, R.G.; et al. Non-pharmaceutical interventions, vaccination, and the SARS-CoV-2 delta variant in England: A
mathematical modelling study. Lancet 2021, 398, 1825–1835. [CrossRef]

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044481/Technical-Briefing-31-Dec-2021-Omicron_severity_update.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1044481/Technical-Briefing-31-Dec-2021-Omicron_severity_update.pdf
http://doi.org/10.1056/NEJMc2119270
http://doi.org/10.1016/S0140-6736(21)02249-2
http://doi.org/10.1016/j.cell.2021.12.033
http://www.ncbi.nlm.nih.gov/pubmed/34995482
http://doi.org/10.1016/j.ebiom.2021.103788
http://www.ncbi.nlm.nih.gov/pubmed/34954658
http://doi.org/10.1093/cid/ciac089
http://www.ncbi.nlm.nih.gov/pubmed/35134167
http://doi.org/10.1016/S0140-6736(21)02758-6
http://doi.org/10.1111/tid.13782
http://www.ncbi.nlm.nih.gov/pubmed/34969164
http://doi.org/10.1038/d41586-021-03614-z
http://www.ncbi.nlm.nih.gov/pubmed/34857948
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-assessment-further-emergence-omicron-18th-risk-assessment-december-2021.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-assessment-further-emergence-omicron-18th-risk-assessment-december-2021.pdf
http://doi.org/10.1016/S0140-6736(21)02276-5

	Introduction 
	Patients and Methods 
	Results 
	Discussion 
	Conclusions 
	References

