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Abstract: Background: Due to rapid spread, the Omicron variant has become the dominant SARS-
CoV-2 variant responsible for infections worldwide. We present the first detection of the Omicron
variant in Croatia which resulted in rapid cross-border spreading. Methods: Whole-genome se-
quencing was performed using the Illumina MiniSeq sequencing system. SARS-CoV-2 lineages were
identified using the PANGOLIN and GISAID databases. Results: The first case of the Omicron variant
(BA.1.17) emerged in Croatia after a workshop held in Zagreb in November 2021. The patient reported
a history of previous COVID-19 and received two doses of an mRNA vaccine. Three additional
cases were detected among Croatian participants of the workshop. At the beginning of December,
SARS-CoV-2 infection was confirmed in one participant from Montenegro and her husband. Phyloge-
netic analysis showed that the detected Omicron variants were closely related to the first Croatian
case, confirming the connection with the workshop outbreak and rapid cross-border spreading.
Subsequent analyses of SARS-CoV-2 positive samples in Croatia showed the rapid introduction of the
Omicron variant and depletion of the Delta variant resulting in the fifth pandemic wave. Conclusions:
Genomic monitoring and early detection of novel SARS-CoV-2 variants are essential to implement
timely epidemiological interventions and reduce further transmission in the population.

Keywords: SARS-CoV-2; Omicron variant; whole-genome sequencing; surveillance; Croatia

1. Introduction

During the past two years, from the beginning of the coronavirus disease (COVID-19)
pandemic, the World Health Organization (WHO) categorised five severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) variants to be variants of concern (VOC) [1]. These
variants possess concerning characteristics, including increased transmissibility or/and dis-
ease severity, reduction in neutralisation by antibodies produced during previous infection
or vaccination, as well as reduced effectiveness of treatments or diagnostic testing [1]. How-
ever, no variant has caused as much concern as the last variant identified on 24 November
2021, in South Africa, named Omicron, after the 15th letter in the Greek alphabet [2]. Only
two days after the identification of this new variant, the WHO designated it as a VOC [1]
due to a high number of mutations in the spike protein [3]. Omicron harbours around 30
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mutations in the S gene, thus having 15 more alterations in the same region compared
to other VOCs identified so far [4]. There has been a steep increase in COVID-19 cases
in almost all provinces in South Africa [2], coinciding with the detection of this variant,
forcing most countries to adopt more rigorous epidemiological measures to contain the
further spread of the novel VOC [5]. The Omicron variant has spread rapidly over the globe,
and, by the beginning of January 2022, researchers detected it in 149 countries, including
Croatia, even in countries with a high vaccination coverage [6]. Omicron rapidly replaced
the Delta variant as the dominant variant, and by week 02 of 2022, Delta constituted less
than 15% of all Croatian positive samples [7]. The number of Omicron cases increased
sharply because the variant evades the existing immunity [8,9] and is inherently more
transmissible than previous variants [10]. Fast genomic characterisation is essential to
prevent the cross-border spread of novel SARS-CoV-2 variants and implement immediate
and effective epidemiologic measures [11].

We present the first case of the Omicron variant in Croatia resulting in rapid cross-
border spreading.

2. Results

The first suspected cases of the Omicron variant in Croatia emerged after a workshop
held in Zagreb, on 25–26 November 2021, with approximately 20 participants from Croatia,
Bulgaria, Albania, Montenegro, and Cyprus.

The patient suspected of being the index developed flu-like symptoms two days after
the workshop and was tested in the National Reference Laboratory for Respiratory Viruses
at the Croatian Institute of Public Health on 4 December 2021. The patient reported a
history of previous COVID-19 and vaccination with two doses of the mRNA vaccine.

The sample tested positive for SARS-CoV-2; thus, single nucleotide polymorphism (SNP)
screening assays [12,13] were performed using commercial qPCR kits (Allplex™ SARS-CoV-2
Variants I Assay; Allplex™ SARS-CoV-2 Variants II Assay, Seegene, Seoul, Korea) [14,15]; the
results obtained are shown in Table 1.

Table 1. Single nucleotide polymorphism screening assays Ct values by targeted mutation.

Allplex™SARS-CoV-2 Variants I
Assay

Allplex™SARS-CoV-2 Variants II
Assay

Targets E484K HV69/70 N501Y RdRP 1 IC 2 K417N K417T L452R W152C IC 2

Ct
values ND 3 19.74 22.52 20.20 26.34 27.11 ND 3 ND 3 ND 3 25.25

1 RdRp = RNA-dependent RNA polymerase; 2 IC = internal control; 3 ND = not detected.

Since the SNP profile in the sample was highly indicative of the Omicron variant [16]
and excluded the Delta variant [17], whole-genome sequencing (WGS) was conducted.
On 6 December 2021, the isolate was confirmed to be Omicron variant (BA.1) [18–20], the
first confirmed case in Croatia (Global Initiative on Sharing All Influenza Data database
(GISAID) accession ID: EPI_ISL_7210427) [21–24]. Immediate epidemiological investiga-
tion and contact tracing were carried out, during which epidemiologists identified an
additional three possible cases of the Omicron variant among Croatian participants of the
workshop. All the case participants were fully vaccinated against COVID-19. All three
patients tested positive by both RT-PCR and SNP analysis. WGS was performed, also con-
firming the Omicron variant (GISAID accession IDs: EPI_ISL_7635857, EPI_ISL_7892496
and EPI_ISL_7897799) [21–24].

On 6 December 2021, in Montenegro, one participant of the workshop and her husband
were strongly suspected of having the Omicron variant by screening RT-PCR test [25],
exhibiting S gene target failure due to the presence of deletion HV69/70 [26], which
was confirmed by WGS performed in a commercial laboratory (GISAID accession IDs:
EPI_ISL_8366166, EPI_ISL_8365856) [21–24].
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Phylogenetic analysis of the sequenced samples, presented in the form of a clado-
gram in Figure 1, showed that the Omicron variants detected in the Montenegro patients
were closely related to the first Croatian case, confirming the connection with the Zagreb
workshop outbreak and rapid cross-border infection.
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Figure 1. Phylogenetic neighbour-joining analysis of the whole genome sequenced SARS-CoV-2
viruses. Strains detected in this outbreak are marked red. Country of origin, GISAID Accession IDs
and date of collecting samples are specified. Supporting (50%) bootstrap values of 1000 replicates
are displayed at the nodes. Horizontal distances are proportional to genetic distance. The scale bar
indicates nucleotide substitutions per site.

The available demographic characteristics of patients collected through epidemi-
ologic investigations, accession IDs of their sequenced samples [21–24] and assigned
lineages [18–20,27] are presented in Table 2.

Table 2. Demographic characteristics of patients and assigned lineages.

Country Accession ID Sampling Date Age Gender Lineage

Croatia

EPI_ISL_7210427 2021-12-04 59 M BA.1.17
EPI_ISL_7892496 2021-12-04 51 M BA.1.17
EPI_ISL_7635857 2021-12-06 41 M BA.1.17
EPI_ISL_7897799 2021-12-01 37 F BA.1.17

Montenegro EPI_ISL_8366166 2021-12-06 52 F BA.1.17
EPI_ISL_8365856 2021-12-06 54 M BA.1.17

Continued genomic surveillance of SARS-CoV-2 in Croatia revealed the rapid intro-
duction of the Omicron variant and depletion of the Delta variant (Figure 2), which resulted
in the fifth pandemic wave (Figure 3).
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Figure 2. Variant frequencies in Croatia, from week 48/2021 until 11/2022, normalised to
100% [21–24]. SARS-CoV-2 positive samples were collected through routine genomic monitoring of
SARS-CoV-2 in collaboration with ECDC [28] and uploaded to the GISAID database [21–24].
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Figure 3. The weekly trend of SARS-CoV-2 positive cases in Croatia since the beginning of the
epidemic. Data on positive patients are collected daily from all testing facilities through the central
platform for COVID-19 testing registration [29] by the Croatian Institute of Public Health and reported
on a website [30].

3. Discussion

WGS analysis is crucial in identifying changes in viral genes that could lead to a
virus profile with a significant positive impact on viral spreading or virulence [11]. Early
detection of such variants is a critical step in the decision-making process of implementing
measures to control viral dissemination [31].

Since February 2021, Croatia has monitored novel or emerging viral variants by WGS
according to the European Centre for Disease Prevention and Control (ECDC) guidance.
The ECDC suggests tracking the relative proportion of these variants throughout time
and recommends the sample size required to estimate the 95% confidence interval for
the proportion of a certain circulating variant when its proportion reaches 2.5% with a
relative precision of 50% based on a representative selection of samples [32]. All obtained
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sequences are uploaded to the Global Initiative on Sharing All Influenza Data database
(GISAID) [21–24].

In 2021, the introduction of different VOCs had significantly affected the number
of new COVID-19 cases. Namely, the appearance of the Alpha variant (Phylogenetic
Assignment of Named Global Outbreak (PANGO) lineage B.1.1.7) [18–20] in the population
in February 2021 announced the beginning of the third epidemic wave, while the presence
of the Delta variant (PANGO lineage B.1.617.2) [18–20] in June 2021 led to the fourth
epidemic wave. Until the end of August 2021, the Delta variant with its sub-lineages [18–20]
constituted more than 98% of all SARS-CoV-2 positive samples, while the Beta and Gamma
variants were detected sporadically and connected with travellers to areas with a high
prevalence and their contacts [33].

Until 30 March 2022, there have been more than 1,097,400 confirmed COVID-19 cases
and 15,560 COVID-19-related deaths in Croatia [34]. At the beginning of October, the fourth
pandemic wave was triggered by the dominant Delta variant, reaching a peak in week
45/2021 with a slight but steady decrease in new infections [30]. The effect of Omicron
occurrence on this dynamic was noticeable soon after we detected the first Omicron positive
patient, as positive cases started to rise in the last week of 2021, reaching a peak in the third
week of 2022.

Although possessing a valid European Union Digital COVID certificate [35] was
required to enter the venue, this outbreak was not prevented. The measures helpful
in controlling the spread of the Delta variant proved to be inadequate to prevent the
introduction or to control the further spread of the Omicron variant. Fortunately, most
cases related to the workshop had mild flu-like symptoms after a short incubation period
of 1–3 days or were fully asymptomatic.

Rapid detection of the first Omicron cases resulted from Croatia’s comprehensive and
timely testing capacity and surveillance. Only ten days after the publication of the first
isolated Omicron variant [3] in South Africa, we detected the first Omicron positive sample
in Croatia. Under the circumstances, Croatia has implemented increasingly stringent
non-pharmaceutical restrictions [36–38]. The combination of rapid detection with contact
tracing, isolation, and quarantine measures has slowed down the outbreak’s spread in the
short term. Nevertheless, the implemented stringent control measures did not interrupt
the spread of the Omicron VOC in Croatia.

Genomic surveillance was crucial for the early detection of the presence and monitor-
ing of the rapid spread of Omicron VOC. Thermo Fisher TaqPath [25] assay as a screening
method for Omicron VOC was important when the Delta variant dominated, detecting
potential Omicron cases in the early phase of the Omicron wave and delaying the spread
of this VOC. The benefit of this screening method diminished with the introduction of
the BA.2 sub-lineage in Croatia (GISAID accession ID: EPI_ISL_9148491.2) [21–24], as this
sub-lineage lacks the HV69/70 deletion [39], which causes “the S gene target failure”,
characteristic of the BA.1 lineage when using this assay [40]. The high transmissibility of
the Omicron VOC resulted in the rapid replacement of the Delta variant by Omicron in
Croatia during the first few weeks of 2022.

4. Materials and Methods

RNA was extracted using automated RNA extraction (GeneRotex 96, Xi’an Tianlong
Science and Technology Co., Ltd., Xi’an, China) and qRT-PCR with Seegene Allplex™ SARS-
CoV-2 Assay [41] on BIORAD CFX96 Real-Time System C1000 Thermal Cycler (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) was performed.

SNP assays were performed with Allplex Variant Assay I and II, Seegene [13] using a
BIORAD CFX96 Real-Time System C1000 Thermal Cycler.

The reverse transcription of viral RNA was performed to obtain the viral sequence,
followed by viral enrichment using the ARTIC v3 network tiled amplicon protocol [42]. The
sequencing library was prepared using the Illumina DNA prep kit according to the manu-
facturer’s instructions. The library was sequenced using the Illumina MiniSeq sequencing
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system with an output of 2× 151-bp paired-end reads. FASTQ files were uploaded on
the Illumina BaseSpace hub, and FASTA files were generated using the Illumina DRA-
GEN COVID Lineage App version 3.5.4 with default settings. SARS-CoV-2 lineages were
identified using the PANGOLIN [18–20,27] and GISAID [21–24] databases.

We conducted a phylogenetic analysis of sequences of interest by aligning them
with the reference sequence (GISAID accession ID: EPI_ISL_402124) [21–24] using MAFFT
“Multiple alignment program for amino acid or nucleotide sequences” version 7 [43].
We visualised the cladogram with the Interactive Tree Of Life (iTOL): “an online tool
for phylogenetic tree display and annotation” [44]. To create an alignment, we selected
and downloaded from GISAID [21–24] Croatian sequences from the Alpha and Delta
lineages and worldwide sequences from Omicron lineages for the corresponding timeframe
(December 2021).

Croatia performs routine genomic monitoring of SARS-CoV-2 in collaboration with
ECDC. Representative and targeted positive samples have been sequenced weekly [32]
since 9 February 2021 in a commercial laboratory (Eurofins Genomics Europe Shared
Services GmbH).

5. Conclusions

The presented results highlight the importance of genomic monitoring and early de-
tection of a novel SARS-CoV-2 variant for the timely implementation of epidemiological
interventions to reduce further transmission in the population. Only ten days after the pub-
lication of the first isolated Omicron variant [3] in South Africa, using accessible knowledge
of its genomic composition [4], we detected the first Omicron positive sample in Croatia and
cross-border spread was almost simultaneously confirmed in Montenegro. This effective
epidemiologic and genomic surveillance provided our decision-makers with the necessary
inputs to implement new, Omicron-oriented, non-pharmaceutical interventions [36–38].

Close collaboration between epidemiologists and microbiologists in the field and the
WGS team is essential to fully utilise the effect of genomic surveillance.
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