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Background: Methicillin-resistant Staphylococcus aureus (MRSA) has been an
issue in healthcare since the 1960s. It was initially found only in healthcare
facilities, but in the late 1990s it began to be seen with no healthcare
connexion. The mechanisms of intercontinental and national spread are not fully
understood, as sometimes novel outbreaks occur without any identifiable source
or connexion to locally dominant clonal clusters.

Methods: This study investigated the epidemiology and genomics of
community-associated MRSA in Region Orebro County, Sweden, through 330
isolates collected between 2000 and 2019.

Results: A shift in the dominant sequence type (ST) from ST80 to ST22 occurred
in 2011-2019, along with an increase in the prevalence of STs belonging to
clonal complexes CC5 and CC22. Both ST8 and ST80 isolates seemed to give
way to emerging ST22 isolates, also indicated by the declining presence of the
USA300 clone. The staphylococcal chromosomal cassette mec (SCCmec) type
[V Remained dominant.

Conclusions: The SCCmec type IV characteristic appears to be relatively
geographically stable, possibly due to its low fitness cost and transductal
capabilities. This warrants further studies of SCCmec type IV variant's survival
mechanics as well as the effects of migratory flow on local epidemiology, in
preparation for future possible outbreaks.
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Introduction

The opportunistic gram-positive bacterium Staphylococcus aureus is one of the most
common infectious agents in humans. It can infect a wide range of areas including the skin,
soft tissue, bones, and joints, potentially causing severe conditions such as pneumonia,
prosthetic joint infection, and bacteraemia (Chambers and Deleo, 2009; Cheung et al.,
2021). Humans constitute a primary reservoir, with approximately 30% of the human
population being carriers (Shopsin et al., 2000; Chen et al., 2013). Households, pets, and
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FIGURE 4
Phylogenetic neighbour joining tree using 1,861 core genome multilocus sequence typing (cgMLST) genes of isolates from primary cases of
community-acquired methicillin-resistant Staphylococcus aureus in Region Orebro County during 2000-2019, divided into two cohorts: 2000-2010
(n = 107) and 2011-2019 (n = 223). Each leaf represents an isolate. Scale presents the percentage difference between the 1,861 cgMLST genes

analysed.

Frontiers in Microbiology 07 frontiersin.org



Kekki et al.

been considered a candidate for horizontal gene transfer of short
SCCmec elements, and the SCCmec type IV element appears to
have a lower fitness cost, it seems possible that the prevalence of
the SCCmec type IV element, strains carrying this element might
increase and continue to invade hospital and healthcare settings,
along with a continued increased transductal circulation in the
community (Lee et al., 2007; Scharn et al., 2013). Other studies in
Malaysia, Ireland, Australia, and Germany have also found SCCmec
type IV to be the dominant SCCmec type, indicating that this
SCCmec type has found a favourable balance in its survivability
(resistance mechanism and fitness cost) and ease of transmission
(element size and virulence factors). This warrants further research
into what mechanisms contribute to its success, in order to prepare
to contain future possible outbreaks (Coombs et al., 2014; Shore
et al., 2014; Monecke et al., 2016; Nor Amdan et al., 2024).

The decrease in prevalence of PVL-positive isolates from the
first cohort to the second cohort follows the general trend in
both Norway and Denmark of a decreasing incidence of PVL
positive isolates, ST8 and ST80, containing SCCmec type IV,
isolates normally associated with PVL seems to follow the PVL
trend (Petersen et al., 2021; Ronning et al., 2024). In addition,
three isolates that were reported to have been contracted in the
United States during 2000-2010 were identified as USA300 clones
(ST8/SCCmec 1V, PVL and ACME positive) (Diep et al., 2006;
Otter and French, 2010). These findings follow the combined
decrease of ST8/SCCmec IV and ST80/SCCmec IV, indicating that
the high PVL incidence (58%) during 2000-2010 in Region Orebro
County might be partly linked to these ST/SCCmec combinations,
as several of the emerging ST22 isolates during 2011-2019 were
PVL-negative. An Italian study covering all MRSA cases in a
paediatric hospital during 2013-2015 found a 27.8% prevalence
of PVL-positive isolates; however, other studies report significant
variations in PVL prevalence, hence no conclusion of the present
study’s results regarding PVL prevalence could be made (Berktold
et al.,, 2012; Shore et al., 2014; Manara et al., 2018).

ST22/SCCmec IV was assumed to be one of the major CA-
MRSA types in Europe and in the Middle East in 2018. In this
study we found ST22 isolates originating from India which might
be the same clone presented by Abrudan et.al in a recent study
strengthening the assumed migration via travel (Abrudan et al,
2023). ST6/SCCmec IV has also been described as an emerging
clone in the Middle East and was one of the most common
combinations in a hospital in Oman during 2011 (Udo et al,
2014). In this case, it is possible that ST6 has been introduced
to Region Orebro County via migration or other travel, as at
least 8 (31%) and perhaps as many as 14 of the 26 ST6 isolates
were acquired abroad. Sweden’s population was approximately 9.5
million in 2010, and 10.4 million in 2020. Migration to Sweden
during 2010-2019 included ~1.2 million people, 250,000 of whom
immigrated from the Middle East (Statistics Sweden, n.d.). Almost
450,000 people immigrated from other parts of Europe and another
520,000 from Asia, which are other areas where ST22/SCCmec IV
is commonly found. However, none of the foreign-acquired ST22
isolates found in this study originated in Europe; instead, the ST22
isolates from 2010-2019 originated in India and in the Middle
East. Additionally, four ST6 isolates originated in the Middle East,
also from the 2010-2019 period, concurring with an earlier study
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confirming the presence of ST6 in that region (Udo et al., 2014). In
addition, other isolates with an origin outside of Sweden originated
in countries reported as being routes for refugees, for example
Egypt and Italy. Bartels et al. have also confirmed the introduction
of ST6 in Denmark which could be associated to the clone found
by Udo et.al, raising the possibility that the ST6 isolates found in
Region Orebro County might have the same origin, however this
needs further research to be confirmed (Bartels et al., 2015).

These findings might indicate a connexion between migration
to Sweden from the Middle East and Africa and the change in
ST22/SCCmec IV becoming the dominant type, connected to the
increased prevalence of STs belonging to CC5 and CC22. This
is in accordance with the findings of Renning et.al in Denmark
(Ronning et al., 2024). The USA300 clone seems to have failed in
establishing a major presence in Region Orebro County; it perhaps
has been outcompeted by STs assigned to CC5 and CC22, as
only one isolate in the late cohort could be identified as USA300
compared to 12 in the early smaller cohort (Bouchiat et al., 2017).
Although the migratory flow from the Middle East has probably
affected the S. aureus epidemiology in Europe, the full aspect of
the CA-MRSA epidemiology in general is still an unclear subject
due to asymptomatic carriers, and individuals with uncomplicated
skin and soft tissue infections reluctant to seek medical care, or
presence of possible non-human reservoirs, as can also be suspected
in this study with the findings of isolates of ST398, otherwise
associated with livestock associated MRSA (Figure 4) (Lee et al.,
2007; Normanno et al., 2020).

The absence of resistance towards mupirocin indicates that
effective eradication of nasal carriage among healthcare workers
and patients is still possible in Region Orebro county. Several of
the individuals found carrying CA-MRSA are asymptomatic as the
Communicable Diseases Act governs mandatory contact tracing
and a “Search and Destroy” policy in case of newly discovered
cases with confirmed MRSA. Most isolates presenting a resistance
towards clindamycin was regarded as inducible clindamycin
resistance. However, almost 5% of the isolates from 2011 to 2019
showed a constitutive resistance towards clindamycin, compared
to 1% during 2000-2010, presenting a possible trend that should
be supervised.

Limitations of this study include the geographic and
demographic constraints. The study focuses exclusively on
Region Orebro County, which may limit the generalizability of the
findings to other regions or countries with different demographic
compositions and healthcare infrastructures. Comparison with
other Nordic countries (e.g., Norway and Denmark) give some
strength to the findings, however, some of these studies, as well
as reports from Statens Serum Institut, Copenhagen, Denmark,
are mainly based on spa-typing making direct comparison
difficult as this study is based on whole genome sequencing
MLST, but general trends might still be possible to follow.
In addition, the division of isolates into two distinct cohorts
(2000-2010 and 2011-2019) might have obscured subtle changes
and trends occurring within shorter timeframes, and the lack
of data on country of origin for 20% of the cases limits the
ability to draw comprehensive conclusions about the impact
of immigration and international travel on the epidemiology
of CA-MRSA.
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In conclusion, this study provides insights into the
epidemiology and genomics of CA-MRSA and the possible
impact of migration in Region Orebro County, Sweden. By
analysing 330 isolates over two decades, we identified shifts
in SCCmec types and resistance profiles. The surveillance of
resistance genes, identification of unknown SCCmec elements, and
the shift of prevailing ST types, some likely caused by migration
or travel, highlights the evolving nature of MRSA and underscores
the need for ongoing surveillance and genomic monitoring.
Despite limitations, our findings emphasise the importance of
adapting public health strategies to effectively address the dynamic

landscape of MRSA infections.
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