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To trace evolution of Panton-Valentine leucocidin—positive
clonal complex 398 methicillin-resistant Staphylococcus
aureus (MRSA) in the Czech Republic, we tested 103
MRSA isolates from humans. Five (4.9%) were Panton-
Valentine leucocidin—positive clonal complex 398, se-
quence types 1232 and 9181. Spread to the Czech Re-
public may result from travel to or from other countries.

Methicillin—resistant Staphylococcus aureus (MRSA)
clonal complex (CC) 398 was initially found in
animals but has since adapted to humans. Human-
adapted variants display tetracycline resistance, typi-
cally through the tetK gene, and possess virulence
genes that enable human-to-human transmission (1).
Some strains also produce Panton-Valentine leukoci-
din (PVL), a toxin absent in animal-associated CC398.
Since 2005, PVL-positive CC398 MRSA has been re-
ported in East Asia and Europe (2,3). Early cases in Eu-
rope were recorded in Sweden and the Netherlands,
followed by outbreaks in Denmark (3-5). With this
study, we detected and characterized PVL-positive
CC398 MRSA in the Czech Republic and compared
our findings with international data to trace the evo-
lution of those strains.

The Study

During 2021-2023, we obtained MRSA isolates
from 2 clinical laboratories in 2 regions of the
Czech Republic. We included in our study only
unique-patient isolates for that period. All 103
MRSA isolates had limited patient information
(specimen type and region) and were confirmed as
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mecA-MRSA by PCR targeting the SA-442 species-
specific fragment and the mecA gene (6,7). We as-
sessed CC398 affiliation and presence of the lukF/
lukS-PV gene by using PCR (8,9). We performed
phenotypic detection of antibiotic resistance by us-
ing the disk-diffusion method and interpreted the
results according to guidelines provided by the
European Committee on Antimicrobial Suscepti-
bility Testing version 14.0 (10). We extracted DNA
by using the NucleoSpin Microbial DNA isolation
kit (Machery-Nagel, https://www.mn-net.com).
Library preparation and whole-genome sequenc-
ing were outsourced to Eurofins (Stade, Germany),
where Illumina NovaSeq6000 technology (https://
www.illumina.com) was used. Reads were quality
trimmed and de novo assembled by using Shovill
v1.0.4 (https:/ / github.com/tseemann/shovill),
and we assessed assembly quality by using QUAST
v5.0.2 (https:/ /quast.sourceforge.net).

We performed typing by using MLSTFinder
v2.0.9 and spaTyper (Genomic Epidemiology Cen-
ter, http://www.genomicepidemiology.org) and
identified resistance and virulence genes by using
ResFinder 4.1 and VirulenceFinder v2.0.3 (Genomic
Epidemiology Center) (identity >95%) and confirmed
resistance genes by using CARD 3.2.9. (https://card.
mcmaster.ca). We characterized the genetic envi-
ronment of transposon Tn554 by using Bakta 1.9.1
(https:/ /bakta.computational.bio). To compare se-
quences, we used the National Center for Biotechnol-
ogy Information (NCBI) BLASTn tool (https:/ /blast.
ncbi.nlm.nih.gov).

We constructed a single-nucleotide polymorphism-
based phylogeny by using Roary as previously pub-
lished (6) (Roary v3.13.0, Gubbins v2.4.1, and snp-dists
v0.7.0; https:/ / github.com) on all CC398 PVL-positive
isolates retrieved from the RefSeq database (https://
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www.ncbinlm.nih.gov/refseq) as of March 2024 and
from selected publications of interest from which data
were not retrieved in the RefSeq database (1,4,5,11,12).
We used iTOL v6 (https://itol.embl.de) to visualize
phylogenetic trees. Raw data of the sequenced strains
are available in GenBank (accession no. PRINA1095719).

We tested 103 human MRSA isolates from the
Czech Republic; 5 (4.9%) isolates were identified
as CC398 and PVL positive and 8 (7.8%) as CC398
and PVL negative. All 5 PVL-positive isolates came
from abscess swab samples; the average patient age
was 27 years (range 18-45 years). Three patients
were from outside the Czech Republic (2 from Asia,
1 from Ukraine), and the other 2 were Czech na-
tionals with no known travel history. All 5 isolates
showed identical phenotypes: resistant to cefoxitin,
clindamycin, erythromycin, and tetracycline. Four
isolates belonged to ST1232 with spa-type t034, and
the fifth isolate was ST9181 (a single-locus variant of
ST1232) with spa-type t571. spa-types t571 and t034
are closely related. All isolates carried the SCCrmec
type V(5C2).

We analyzed the ermA and ant (9)-Ia genes as
part of the Tn554 transposon on the PVL-positive
isolates, which includes transposition-related genes

Tn554
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tnpA, tnpB, and tnpC with the resistance genes ori-
ented in opposite directions (Figure). We identified
the ermA gene by using ResFinder (sequence identi-
ty 95%) and CARD (sequence identity 85%). Align-
ment with the ResFinder reference (EU348758)
revealed 21 nt differences compared with the refer-
ence from Streptococcus suis. BLASTn and BLASTp
analyses showed 100% identity/coverage at nu-
cleotide and protein levels for ermA variants in
PVL-positive ST1232 genomes, explaining the un-
detected ermA gene in some MRSA S5T1232 studies
despite reported phenotypic resistance (Appendix,
https:/ /wwwnc.cdc.gov/EID/article/31/1/24-
1323-Appl.pdf).

We constructed a single-nucleotide polymor-
phism-based phylogenetic tree (Appendix Figure),
incorporating PVL-positive isolates from the RefSeq
database and major publications. We also included
PVL-negative human and animal genomes from
clades 1, II-GOI, and IIa-GOlI, positioning the 5 iso-
lates from the Czech Republic within evolutionary
pathways of related isolates. The ST1232 genomes,
including those from the Czech Republic, formed a
subclade within II-GOI, emerging since 2013 as the
main PVL-positive CC398 carriers.

T TR KT PO 4

O= Px P O™ PP px O™ p:u\\

Figure. Schematic representation of the Tn544 transposon carrying the ermA and ant(9)-la genes representative of methicillin-resistant
Staphylococcus aureus Panton-Valentine—positive clonal complex 398. The ermA gene sequence of the strains isolated from patients

in the Czech Republic in 2023 align with the reference sequence of the ResFinder software (Genomic Epidemiology Center, http://www.
genomicepidemiology.org). The resistance genes ermA and ant(9)-la (arrows) are transcribed in different directions because they are located
on different strands of the DNA. Q, query sequence; R, reference sequence; tnpA, transposase A; tnpB, transposase B; tnpC, transposase C.
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Conclusions

MRSA CC398 is commonly associated with livestock,
characterized by tetracycline resistance (tetM) and
lacking virulence factors such as immune evasion
cluster and PVL. Human-origin MRSA often carries
immune evasion cluster and PVL genes. We found
4.9% PVL-positive CC398 isolates in the Czech Re-
public. However, the limited scope of our study (103
isolates from 2 regions) suggests the need for a na-
tionwide survey to better assess PVL-positive CC398
dissemination. A larger-scale study could determine
if PVL-positive ST1232 is particularly associated with
abscesses in younger patients, as seen in our study
(average patient age 27 years). Various studies sug-
gest that those strains can cause infections in younger
populations, as evidenced in Denmark, where ST1232
infected both mothers and children, and in a Materni-
ty and Children’s Health Care Center in China, where
ST1232 was the leading cause of skin and soft tissue
infections (5,13).

The spread of PVL-positive MRSA CC398 strains
could also be the result of travel to foreign countries
and tourists visiting the Czech Republic. Of the pa-
tients that we report, 3 were foreigners: 2 from un-
specified countries from eastern Asia and 1 from
Ukraine. As early as 2008, links with countries in Asia
were noted (3).

ST1232 emerged as the new successful subclade,
as described by Schouls et al. in a large genomic
analysis of 4,991 MRSA strains, which showed that
all previous PVL-positive CC398 strains belonged to
ST398 and the more recent ones to ST1232 (12). That
finding is also visible on our phylogenetic tree (Ap-
pendix Figure), on which the cluster of ST1232 iso-
lates, which encompassed the 5 isolated from the
Czech Republic, emerged as a subclade of the clade
II-GOI described by Price et al. (1).

Among the PVL-positive isolates, ST1232 dif-
fered from ST398 by the quasi-systematic presence
of the tetK gene and by the chromosomal insertion
of the Tn554 transposon. The ermA gene harbored
multiple point mutations compared with other ermA
sequences from S. aureus found in GenBank or with
the reference sequence from an S. suis genome, used
by ResFinder.

A literature review revealed that, although all
publications reported a macrolide-lincosamide-
streptogramin B phenotype using antibiograms or
microdilution, few identified the genetic mechanisms
of that resistance, especially with PCR. We recom-
mend using the primers from Koike et al. (14), which
effectively detect the ST1232 ermA variant, and, if PCR
for ermA is negative, checking primer efficiency and
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supplementing with phenotypic testing. For genomic
analysis of whole-genome sequencing data, updating
the resistance database would be useful because of
additional resistances found in multidrug resistant,
virulent PVL-positive CC398 isolates.

In summary, we report the presence of PVL-
positive MRSA CC398 in the Czech Republic, ac-
counting for 4.9% of the MRSA isolates. We recom-
mend using whole-genome sequencing to differ-
entiate between human and animal strains, detect
erythromycin-resistance genes, and rapidly identify
sequence types. Comprehensive knowledge of the
genetic and epidemiologic characteristics of ST1232 is
essential for developing effective public health strate-
gies against PVL-positive CC398.
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etymologia revisited

Tularemia
[t-lo-ré-me-a]

EMERGING

n infectious, plaguelike, zoonotic disease caused by the bacillus
Francisella tularensis. The agent was named after Tulare County,

e
INFECTIOUS D|SEA§£§

Originally published
in November 2007

California, where the agent was first isolated in 1910, and Edward
Francis, an Officer of the US Public Health Service, who investigat-
edthe disease. Dr. Francis first contracted deer fly fever from a patient
he visited in Utah in the early 1900s. He kept a careful record of his
3-month illness and later discovered that a single attack confers per-
manent immunity. He was exposed to the bacterium for 16 years and
even deliberately reinfected himself 4 times.

Tularemia occurs throughout North America, many parts of
Europe, the former Soviet Union, the Peoples Republic of China, and
Japan, primarily in rabbits, rodents, and humans. The disease is trans-
mitted by the bites of deerflies, fleas, and ticks; by contact with con-
taminated animals; and by ingestion of contaminated food or water.

Clinical manifestations vary depending on the route of
introduction and the virulence of the agent. Most often, an ulcer is
exhibited at the site of introduction, together with swelling of the
regional lymph nodes and abrupt onset of fever, chills, weakness,
headache, backache, and malaise.
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Appendix

Appendix Table. List of publications providing information on the ability to detect the ermA and ant (9)-la genes

Detection of Phenotype

Year of Detection of gene ant (9)- resistance to
Country publication Type of resistance gene detection gene ermA la macrolide Publication
NZ 2014 DNA microarray analysis yes - yes (1)
CN 2018 MIC - - yes (2)
DK 2018 unspecified yes yes yes (3)
DE 2020 Abricate 0.8.13* no yes yes (4)
JP 2020 PCR no - yes (5)
JP 2021 PCR no no yes (6)
JP 2021 MIC - - yes (7)
AU 2022 Resfinder yes yes yes (8)
NL 2023 Resfinder yes yes yes 9)
NL 2023 unspecified yes yes yes (10)
JP 2023 PCR no - yes (11)
SK 2023 Resfinder yes yes yes (12)
SK 2024 AMR(finderPlus v.3.10.30 yes yes yes (13)

*Includes ResFinder 3.0, ARG-ANNOT, CARD, NCBI-BARRGD.
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Appendix Figure. Single-nucleotide polymorphism—based phylogeny of methicillin-resistant
Staphylococcus aureus clonal complex 398 isolates. The 3 1, 1I-GOI, and lla-GOI clades are by Price et
al. (2). AU, Australia; CN, China; CZ, Czech Republic; DE, Germany; DK, Denmark; DR, Dominican
Republic; FG, French Guinea; FR France; JP, Japan; NL, Netherlands; SK, South Korea; TH, Thailand.
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