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Abstract
Background Five SARS-CoV-2 variants are currently considered as variants of concern (VOC). Omicron was declared a 
VOC at the end of November 2021. Based on different diagnostic methods, the occurrence of Omicron was reported by 
52 countries worldwide on December 7 2021. First notified by South Africa with alarming reports on increasing infection 
rates, this new variant was soon suspected to replace the currently pre-dominating Delta variant leading to further infection 
waves worldwide.
Methods Using VOC PCR screening and Next Generation Sequencing (NGS) analysis of selected samples, we investigated 
the circulation of Omicron in the German federal state Bavaria. For this, we analyzed SARS-CoV-2 surveillance data from 
our laboratory generated from calendar week (CW) 01 to 49/2021.
Results So far, we have detected 69 Omicron cases in our laboratory from CW 47–49/2021 using RT-qPCR followed by 
melting curve analysis. The first 16 cases were analyzed by NGS and all were confirmed as Omicron.
Conclusion Our data strongly support no circulation of the new Omicron variant before CW 47/2021.
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Introduction

Since the identification of SARS-CoV-2 on January 7 2020, 
and its spread into the whole world, five variants of the 
virus have been declared variants of concern (VOC). Hav-
ing acquired genetic changes posing a risk to global health, 
the following variants and their respective phylogenic sub-
lineages are presently categorized as VOC: B.1.1.7 (Alpha), 
B.1.351 (Beta), P.1 (Gamma), B.1.617.2 (Delta), and, since 
November 26th 2021, the variant B.1.1.529 (Omicron) [1]. 
So far, the occurrence of different variants coincided with 
different waves of infection. First detected in India in Octo-
ber 2020 and equipped with genetic mutations resulting in 
higher transmissibility than other SARS-CoV-2 variants, 
Delta is currently dominating the SARS-CoV-2 occurrence 
in most countries [2].

Based on data regarding transmissibility, risk of reinfec-
tion and effectiveness of vaccines [3], Omicron appears to 
have the potential to rapidly replace the Delta variant. Most 
interestingly, early studies from South Africa indicate a 
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reduced risk for severe disease for Omicron infected patients 
compared to Delta infected patients, which might be due to 
population immunity acquired by infection and/or vaccina-
tion [4, 5]. However, large data volumes regarding Omicron 
are not yet available and are subject of current research [6]. 
Characteristic for Omicron is however, the vast number of 
mutations (approximately 30) in the spike protein of the 
virus. Some of these mutations and/or variant positions are 
already known from the Alpha, Beta, Gamma, and/or Delta 
variants (del69-70, K417N, E484A, P681H, N501Y, T95I, 
G142D/143–145del, T478K, N655Y, N679K) [2]. Among 
these mutations are amino acid substitutions that are con-
nected with higher transmissibility (N501Y) or immune 
escape to antibodies (K417N) [7]. According to Sun et al., 
2022, Omicron did not emerge from Delta, but branched 
off from the Gamma variant in mid-2020 [8]. Since then, 
Omicron might have circulated unnoticed in a small group of 
people or might have arisen in a chronically infected SARS-
CoV-2 patient. Persistent SARS-CoV-2 infections have been 
suggested to trigger the emergence of new virus variants and 
are for instance observed in patients treated with immuno-
suppressive therapies and in patients suffering from hema-
tological malignancies or advanced HIV [9]. Alternatively, 
Omicron might have developed in a non-human species, 
such as rodents and was lately re-transferred to humans [8]. 
The first detected/confirmed Omicron infection dates back 
to November 9, 2021 and, the WHO was informed about the 
new variant on November 24, 2021 by South Africa who 
recorded an increase of infection rates corresponding to the 
occurrence of Omicron [1]. By December 7, several hundred 
Omicron infections have been reported worldwide [10].

In our study, we investigated the circulation/transmission 
of Omicron in the German federal state Bavaria from calen-
dar week (CW) 01/2021—49/2021 (January 1 2021–Decem-
ber 12 2021) by analyzing SARS-CoV-2 surveillance data 
from our laboratory. Based on these data, we conclude that 
Omicron was not distributed in Bavaria before CW 47/2021 
(November 22–28 2021). In addition, we detected 69 Omi-
cron cases in our laboratory in CW 47–49/2021 (November 
22–December 12, 2021) using RT-qPCR followed by melt-
ing curve analysis and we were able to confirm 16 of these 
samples using Next Generation Sequencing (NGS; remain-
ing samples were processed subsequently).

Materials and methods

Specimen collection and laboratory confirmation

Clinical respiratory specimens (nasopharyngeal swab sam-
ples) were stored in viral transport medium at 4 °C until 
further laboratory analysis at the Bavarian Health and Food 

Safety Authority in Oberschleissheim, Germany (LGL, 
Oberschleissheim, Germany).

RT‑qPCR (based on RNA extraction)

RT-qPCR and RNA extraction for SARS-CoV-2 diagnosis 
were performed on a Roche Cobas8800 (Roche Diagnos-
tics, Switzerland), on a GeneXpert Infinity (Cepheid, Sun-
nyvale, USA), or on a MagExStar (Hamilton, Bonaduz, 
Switzerland). Roche Cobas8800 and GeneXpert Infin-
ity are fully automated systems for RNA extraction and 
amplification, with integrated detection systems based on 
RT-qPCR. For SARS-CoV-2 diagnosis, we used the Xpert 
Xpress SARS-CoV-2 assay (Cepheid, Sunnyvale, USA) 
detecting the N2 gene and the E gene on the GeneXpert 
Infinity and the cobas® SARS-CoV-2 Test Kit detecting 
orf1a/b gene (SARS-CoV-2) and E gene (pan-Sarbeco-
viren) on the Cobas8800. When samples were analyzed on 
a MagExStar, RNA was extracted with an RNAdvance Kit 
from Beckman Coulter (Beckman Coulter, Indianapolis, 
USA) as previously described [11]. Detection of RNA was 
carried out by conventional RT-qPCR using the ampliCube 
Coronavirus SARS-CoV-2 assay from Mikrogen Diagnos-
tik (Mikrogen, Neuried, Germany). RNA extraction and 
PCR assay detecting the envelope (E) gene of B-lineage 
betacoronavirus (FAM) and the Orf1a gene (HEX) were 
performed according to the manufacturer’s instructions. 
RT-qPCR was carried out on a Bio-Rad CFX96 Touch 
Real-Time PCR Detection System (Bio-Rad, Feldkirchen, 
Germany).

VOC PCR and melting point analysis

Samples with a positive result for SARS-CoV-2 and a 
Ct-value < / = 35 were additionally screened for VOCs 
with spike protein deletion H69-V70 and the substitution 
mutations N501Y, L452R, and K417N using RT-qPCR 
followed by melting curve analysis. To identify VOCs, 
we used VirSNiP SARS-CoV-2 Spike del H69/V70, 
VirSNiP SARS-CoV-2 Spike N50iY, VirSNiP SARS-
CoV-2 Spike L452R, and VirSNiP SARS-CoV-2 Spike 
K417N (TIB Molbiol, Berlin, Germany) combined with 
UltraPlex® 1-Step ToughMix® (4X) (Quanta bio, Bev-
erly, USA) according to the manufacturer’s instructions. 
Depending on the current distribution of VOCs, we con-
tinuously adapted our diagnostic approach and, thus, we 
used different combinations of VirSNiP assays to distin-
guish the currently circulating mutants from each other. 
To differentiate between Alpha and Beta/Gamma, we used 
VirSNiP SARS-CoV-2 Spike del H69/V70 and VirSNiP 
SARS-CoV-2 Spike N501Y. To distinguish Alpha, Beta/
Gamma and Delta we applied VirSNiP SARS-CoV-2 
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Spike del H69/V70, VirSNiP SARS-CoV-2 Spike N501Y 
and VirSNiP SARS-CoV-2 Spike L452R. For detection of 
Omicron, we currently use VirSNiP SARS-CoV-2 Spike 
L452R, VirSNiP SARS-CoV-2 Spike K417N and SARS-
CoV-2 Spike del H69/V70. RT-qPCR was performed on a 
Bio-Rad CFX96 Touch Real-Time PCR Detection System 
(Bio-Rad, Feldkirchen, Germany).

RT‑qPCR data analysis

RT-qPCR data were evaluated with Bio-Rad CFX-Maestro 
software (version 1.1, 2019) or BioRad CFX96 Dx software 
(version 3.1, 2018). The amplification threshold was manu-
ally set within the exponential phase of the detection curve.

Next generation sequencing and molecular 
surveillance of SARS‑CoV‑2

NGS-based molecular surveillance of SARS-CoV-2 was 
started in CW 02/2021. Samples, submitted for the entire 
diagnostic workflow of SARS-CoV-2 analysis (PCR, VOC-
PCR and NGS) came from 75 different Bavarian adminis-
trative districts. Sequenced samples came from 73 of those 
districts, mainly submitted by the local health authorities for 
the entire diagnostic workflow. To a smaller extent, SARS-
COV-2 positive RNA eluates were submitted from the same 
districts but from private laboratories providing PCR diag-
nostics but no NGS analysis.

Per week, we routinely sequenced a subset of SARS-
CoV-2 positive samples determined by PCR with Ct val-
ues < / = 30. Samples with Ct values above 30 are not 
appropriate for our sequencing workflow. Samples for 
sequencing were primarily selected according to the fol-
lowing criteria: (1) samples with unclear VOC PCR results 
with Ct values < / = 30, and (2) PCR-based, clinical or epide-
miological suspects for at time of analysis non-predominant 
VOCs ((B.1.1.7 (Alpha); B.1.351 (Beta); P.1 (Gamma) and 
B.1.617.2 (Delta) and sublineages). Additionally, capacities 
of up to 190 samples/week were filled with a preferably bal-
anced set of samples from the different sample-submitting 
districts and outbreaks if outbreak information was avail-
able. Laboratory and bioinformatics NGS analysis of sam-
ples for generation of consensus genomes and classification 
of viral lineages was performed as described in [12]. For this 
study, the complete dataset was retrospectively reclassified 
with pangolin software [13, 14] version: 3.1.17, which reli-
ably detects the Omicron variant (B.1.1.529 and sublineages 
BA*).

Results

From CW 01/2021—CW 49/2021, 144,783 samples were 
examined for the presence of SARS-CoV-2 by RT-qPCR 
based methods at the LGL, Oberschleissheim, Germany. In 
total, 25,426 samples were tested positive for SARS-CoV-2 
corresponding to a positive rate of 18%. Depending on Ct 
values, 21,441 of these samples were screened for SARS-
CoV-2 VOCs by RT-qPCR followed by melting curve anal-
ysis, and 19.9% of SARS-CoV-2 positive samples (34.3% 
of samples with sequencing-suitable Ct values < / = 30) 
were analyzed by NGS. Based on VOC PCR screening we 
obtained the following results (see Table 1 and Supplemen-
tary Table 1).

Considering temporal distribution of detected VOCs and 
their occurrence per CW, we see a rapid rise of the Alpha 
variant starting in CW 02/2021, with a peak from CW 
12–21/2021 and a last detected Alpha VOC in CW 35/2021. 
In parallel, we detected the variants Beta and Gamma from 
CW 03/2021—30/2021 with 553 samples in total. With a 
number of 9111 detected samples, the Alpha variant was 
clearly dominating the infection scenario those times. So far, 
we were able to identify 5612 Delta variants in our labora-
tory. From CW 17/2021, Delta lineages started replacing 
Alpha, Beta and Gamma lineages, and until now, Delta 
lineages are, according to our data the dominating SARS-
CoV-2 species of the  4th infection wave in the areas from 
which we obtained samples. Most interestingly, between CW 
33–46/2021 we only detected variant Delta (B.1.617.2 and 
sublineages AY.*) by NGS analysis. Up to CW 49/2021, we 
recorded a total of 69 Omicron cases. Of these, 16 samples 
were analyzed by NGS and, Omicron could be confirmed 
in all 16 cases. Sequencing of the remaining 53 samples 
was still in progress when this study was performed. The 
first sample in which we detected the new Omicron variant 
by VOC PCR was obtained in CW47/2021, followed by 68 
additional samples in CW 48–49/2021 (Fig. 1).

In addition, we retrospectively analyzed 146 samples 
from November 2021 by VOC PCR (spike protein mutation 
assays L452R, K417N and DEL69/70) that did not show a 

Table 1  Number of VOCs detected at the LGL, Oberschleissheim, 
Germany by VOC PCR screening from CW 01/2021 to 49/2021 (for 
details on prevalence of different VOCs per calendar week, see Sup-
plementary Table 1)

VOC Number CW

Alpha 9111 2–35 (January 11–September 5 2021)
Beta and gamma 553 3–30 (January 18–August 1 2021)
Delta 5612 17–49 (April 26–December 12 2021)
Omicron 69 47–49 (November 22–December 12 

2021)
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clear result in the L452R assay. According to our reanalyzed 
data, 49 of these samples were assigned to Delta lineages. 
Presumably, due to Ct-values > / = 35, the remaining 97 sam-
ples did still not show a distinct PCR result. However, we 
found that 64 of these samples did not have the substitution 
mutation K417N. Interestingly, 6 of these 97 samples turned 
out to belong to Delta sublineage AY.122 and had an addi-
tional SNP in the spike protein (T22928C → aa:S:F456L) 
located 11 bp downstream of mutation site L452R. This lead 
to a downshift of the melting curve in the L452R PCR assay 
in our samples (data confirmed by NGS). Only, 27 of the 
reanalyzed samples did not show results in PCR analysis 
due to low virus concentrations in samples. From this, we 
do not have any indication for the presence of Omicron and 
thus, we assume that no Omicron variants were included in 
these 146 samples.

The SARS-CoV-2 lineages of our samples, which we 
obtained by NGS, are mostly in accordance with results of 
VOC PCR screening (exceptions: SARS-CoV-2 samples 
having acquired mutations that are typically for another 
variant or that are located near spike protein mutation sites 
relevant for vPCR diagnostics). In 2021, 6537 positive 

SARS-CoV-2 samples have been analyzed by NGS in our 
department. For 6182 samples, sequencing was successful 
and SARS-CoV-2 lineages could be classified. Figure 1 out-
lines the development of prevalence of distinct virus lineages 
from CW 02–48/2021. For the purpose of clarity, we sum-
marized the VOC and non-VOC lineages together with their 
respective sublineages, such as e.g. B.1.617.2 and AY.* for 
Delta (yellow), B.1.1.7 and B.1.1.7 + E484K or Q.1, Q.4 for 
Alpha (blue), or B.1.1.529/BA.1 for Omicron (light green). 
Consistent with the VOC PCR screening, Alpha variants 
were clearly dominating from CW 08–23/2021 with two 
smaller peaks of Beta variants between CW 03–12/2021 and 
CW 17–20/2021 and were almost completely replaced by 
Delta variants until CW 33/2021. In addition, we are able to 
show occurrence of first Omicron variants, labelled in light 
green, in CW 47/2021.
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Fig. 1  Viral lineages of NGS-analyzed samples. Viral lineages of all 
samples analyzed by whole genome sequencing in 2021 were retro-
spectively reclassified with pangolin version 3.1.17 (13, 14) and are 

shown based on receipt date (CW). VOC Omicron (light green) was 
not detected before week 47
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Discussion

In this study, we analyzed VOC PCR data from CW 
01-49/2021 and NGS data from CW 02-48/2021, gener-
ated at the LGL, Oberschleissheim, Germany. VOC PCR 
results were in congruence with NGS-based viral lineage 
classification. In total, we were able to sequence approxi-
mately 20% of SARS-CoV-2 positive samples in the ana-
lyzed time period with a median of 38% (60% based on 
samples with sequencing-suitable Ct values < / = 30) per 
CW. A major point of criticism during the last two years 
was the low SARS-CoV-2 sequencing surveillance in 
Germany and other countries in comparison to Denmark 
and the United Kingdom [15]. According to the gisaid 
database, Denmark and the United Kingdom sequenced 
and shared 26.9% and 11.2% of SARS-CoV-2 cases since 
January 10 2020, respectively. Within the same period, 
Germany sequenced and shared only 4.4% of SARS-CoV-2 
cases [16]. By sequencing of 20% of SARS-CoV-2 posi-
tive samples, we exceeded this value. Furthermore, sta-
tistical models suggest that new variants can be detected 
by sequencing of 5% of SARS-COV-2 positive samples, 
given a prevalence of new variants of 0.1–1% [17]. Based 
on our sequencing rate together with the screening and 
sampling process, we assume that missing out upcoming 
lineages such as B.1.1.529 (Omicron) was prevented in 
our institute.

Our data show a clear dominance of the Alpha lineage 
among SARS-CoV-2 infections during the first half of the 
year and the replacement of Alpha by the Delta variant 
during the second half of the year, as observed in many 
countries around the world [18]. We reported the detec-
tion of the first Omicron variants in our department in CW 
47/2021. Thus, from our results, we do not have an indica-
tion for Omicron transmission before declaration as VOC 
by the WHO at the end of November 2021.

Until CW 49, Delta was the most prevalent variant in Ger-
many with a proportion of 96.5%. Until then, only several 
hundred Omicron cases had been reported in the European 
Union and European Economic Area. By CW 52, Omicron 
was already replacing Delta and became the pre-dominant 
variant in several European countries (i.e. proportion of 
Omicron cases in Denmark 92.3% and in France 70.5%). 
In Germany, the share of Omicron cases (29.7%) was still 
comparably low [19]. However, within the next few weeks, 
Omicron will also completely replace Delta in Germany. 
Thus, the rapid spread of Omicron across the world has 
taught us how valuable and important surveillance tools are.

The detection of this new SARS-CoV-2 variant by careful 
surveillance and the fast warning by the WHO helped us to 
take appropriate action, to investigate the new virus strain 
and to slow down the distribution of the variant [4, 20].

Limitations of the study are mainly due to technical 
restrictions: samples with Ct-values > / = 35 and > / = 30 are 
not suitable for VOC PCR and for whole genome sequenc-
ing, respectively. In addition, sampling might not have been 
representative depending on capacities and availability of 
laboratory infrastructure at local health authorities in dif-
ferent regions of Bavaria (i.e. sample submission to our lab 
only from 75 out of 96 districts during the analyzed period).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 022- 01767-1.
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