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become the predominant cause of tinea corporis in
the United Kingdom. Clinicians and microbiology
laboratorians should recognize this fungus as a pre-
dominant cause of tinea corporis.
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Vancomycin-resistant Staphylococcus aureus (VRSA) is
a rare but serious public health concern. We describe
a VRSA case in North Carolina, USA. The isolate from
the case belonged to the USA600 lineage and clonal
complex 45. No transmission was identified. Confirmed
VRSA cases should include a thorough investigation
and public health response.
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n December 3, 2021, the Centers for Disease

Control and Prevention (CDC) confirmed a
vancomycin-resistant Staphylococcus aureus (VRSA)
isolate from a resident of North Carolina, USA. That
isolate represented the 16th confirmed VRSA case
identified in the United States (1,2). Although no
transmission was identified in previous cases, CDC
recommends a public health response to each con-
firmed case because of the potential for transmission
and the serious clinical implications of widespread
vancomycin resistance in S. aureus (3).

The patient was a 55-year-old man with a history
of diabetes mellitus, hypertension, arthritis, pulmo-
nary disease, peripheral vascular disease, methicillin-
resistant S. aureus (MRSA), and vancomycin-resistant
enterococci (VRE). The patient resided in a skilled
nursing facility (SNF) for the 28 days before the in-
cident specimen was collected. In the 60 days before
specimen collection, the patient had acute care hos-
pital (ACH) and SNF admissions, received care for a
nonhealing foot wound at a wound care clinic (WCC),
and received 5 antimicrobial agents, including vanco-
mycin. The patient was in a private room and on con-
tact precautions during all facility admissions for the
12 months before the positive VRSA identification.
Cultures from the patient’s nonhealing foot wound,
which was suspected of being infected, yielded the
incident specimen.

The suspect isolate underwent species confirma-
tion, vancomycin resistance screening, and antimi-
crobial susceptibility testing (4) by the North Caro-
lina State Laboratory for Public Health (Appendix,
https:/ /wwwnc.cdc.gov/EID/article/31/1/24-
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1573-Appl.pdf). CDC performed short-read whole-
genome sequencing and genome assembly, staphy-
lococcal cassette chromosome mec and protein A
(spa) typing, multilocus sequence typing, and whole-
genome multilocus sequence typing.

The confirmed VRSA isolate demonstrated re-
sistance to vancomycin (MIC 64 pg/mL by gradient
diffusion, 128 pg/mL by broth microdilution) (4).
Whole-genome sequencing analysis identified the
presence of mecA and vanA genes. The vanA gene is
likely plasma-encoded on the basis of the similarity
of its genomic context to other plasmid-encoded vanA
genes in publicly available data. Typing results indi-
cated the isolate was spa type t1081, staphylococcal
cassette chromosome mec type V, and sequence type
45, belonging to the USA600 lineage and clonal com-
plex 45 (CC45/USA600) (5) (Figure).

We conducted site visits to the ACH, WCC, and
SNF that provided care to the patient during the 60
days before collection of the positive specimen. We
identified minimal infection prevention and control
gaps at the ACH and WCC; at the SNF, we observed
inappropriate use or absence of personal protection
equipment, low adherence to hand hygiene, poor
wound care technique, inability to outline cleaning
and disinfection protocols, and crowded/cramped
spaces with minimal access to hand hygiene stations
(e.g., lack of handwashing sinks and alcohol-based
hand sanitizers). The SNF had no dedicated infection
preventionist.

We defined contacts as persons having extensive
or moderate interaction (3) with the patient or the pa-
tient’s environment during the 60 days before the spec-
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Figure. Whole-genome multilocus sequence typing for identification and characterization of VRSA, North Carolina, USA, 2021.
Unweighted pair group method with arithmetic mean dendrogram shows the relationship of VRSA16 and previously sequenced VRSA
genomes from US patients; sequence data for VRSA 12 (CC5/PFGE type unknown), VRSA 13 (CC30/USA1100), and VRSA 14
(CC5/USA100) were not available. Date of isolation (year), PFGE type (also known as USA type), and geographic location of each
VRSA isolate are indicated. Scale bar indicates the whole-genome multilocus sequence typing allelic distance. PFGE, pulsed-field gel

electrophoresis; VRSA, vancomycin-resistant Staphylococcus aureus.
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imen collection date. We collected screening specimens
from the nares, axilla, groin, and wounds (if present)
of contacts using 1 ESwab (COPAN, https:/ /www.co-
panusa.com) per site, with the exception of the axilla
and groin, which could be combined. We identified
115 contacts: 83 staff from the ACH and WCC, 12 SNF
staff, 16 SNF residents, and 4 patient household mem-
bers. No ACH or WCC patient contacts were identi-
fied. We collected 228 specimens from 110 contacts:
83 ACH and WCC staff, 23 from the SNF (9 staff and
14 residents), and 4 household members. Among 224
screening specimens (109 nares, 109 axilla/groin, and
6 wound) that met acceptance criteria from 109 con-
tacts, no VRSA was isolated. After 49 days in the ACH
and beginning 1 week after completion of treatment
for VRSA with meropenem and daptomycin, the pa-
tient had negative serial cultures over the next 3 weeks
collected from the nares, axilla, groin, and wound and
was discharged back to the SNF.

Since VRSA was identified in the United States
in 2002, confirmed cases are uncommon. The case re-
ported here is notable for its location in the southern
United States and belonging to the globally distrib-
uted CC45. In contrast to prior VRSA cases (1,6) with
strains primarily associated with healthcare (5), CC45
circulates in both healthcare facilities and communi-
ty settings (7). Similar to prior cases (2), this patient
had multiple underlying conditions and a history
of MRSA and VRE, supporting the hypothesis that
VRSA resulted from conjugal transfer of the vanA
gene from VRE to MRSA (8).

As for other VRSA investigations (6), we did not
identify transmission, which is notable here given the
identified infection prevention and control gaps. One
possible explanation for the lack of transmission is
that MRSA isolates harboring the vanA gene (VRSA)
may be less fit or less transmissible. At least 1 labora-
tory study showed reduced fitness of VRSA isolates
after vancomycin exposure (9), which might have
contributed to the lack of transmission here.

In conclusion, emergence of this unique VRSA
strain highlights the potential for emergence of oth-
er novel transmissible strains. Although the lack of
transmission is reassuring, continued vigilance and
investigation for all confirmed cases is paramount
given the potential for vancomycin resistance to
emerge in different S. aureus lineages, thereby result-
ing in novel strains that are more fit and thus more
transmissible.
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Appendix.

Supplementary Laboratory Methods for Specimen Collection, Isolate
Identification, Antimicrobial Susceptibility Testing, and Whole-Genome

Sequencing and Analyses

An ESwab 493C02 (COPAN) containing liquid Amies medium was used to collect
screening specimens. Vancomycin susceptibility testing was conducted using a gradient
diffusion strip (Etest; bioMérieux) and the Sensititer Gram Positive FDANDPF (Thermo Fisher
Scientific) broth microdilution (BMD) panel according to the manufacturers’ specifications. For
confirmatory testing, North Carolina State Laboratory for Public Health sent the isolate to the
CDC for organism identification by using matrix-assisted laser desorption ionization—time-of-
flight mass spectrometry and reference antimicrobial susceptibility testing by using CDC’s in-
house—developed BMD panel based on Clinical and Laboratory Standards Institute (CLSI)-
established criteria (/). Short-read whole-genome sequencing was performed by using an
[llumina Miseq System. Genomic DNA was extracted from colonies cultured overnight on
sheep-blood agar (SBA) by using the Promega Maxwell 16 Cell Low Elution volume DNA
Purification Kit and Maxwell 16 MDx Instrument. Genomic DNA was sheared to a mean size of
600 bp by using a Covaris LE220 focused ultrasonicator. DNA fragments were cleaned with
Mag-bind beads (Omega Bio-tek), dual-indexed sequencing libraries were prepared by using
NEBNext Ultra library prep reagents (New England Biolabs), and barcoding indices were

synthesized in the CDC Biotechnology Core Facility. Libraries were analyzed for size and
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concentration, normalized, pooled, and denatured for loading onto flowcells for cluster
generation. Sequencing was performed on a Miseq by using Miseq 2 x 250-bp paired-end
sequencing kits (Illumina). On completion, sequence reads were filtered for read quality,
basecalled, and demultiplexed by using bcl2fastq (v2.20). Assembly and multilocus sequence
typing (MLST) were performed by using CDC’s QuAISAR-H pipeline
(https://github.com/DHQP/QuAISAR singularity). Whole-genome multilocus sequence typing
(wgMLST) was performed by using BioNumerics (v7.6) and visualized as an unweighted pair
group method with arithmetic mean dendrogram by using interactive tree of life iTOL, v5).
Previously available sequenced VRSA genomes (2) were included in the wgMLST analysis;
sequence data for VRSA 12 (CC5/pulsed-field gel electrophoresis [PFGE] type unknown),
VRSA 13 (CC30/USA1100), and VRSA 14 (CC5/USA100) were not available (3). Isolates with
previously unknown PFGE types were assigned inferred PFGE types
(https://www.cdc.gov/hai/settings/lab/ccalgorithm.html) on the basis of sequence type, clonal
complex, staphylococcal cassette chromosome mec type, and wgMLST results. Sequences were
deposited in the NCBI Sequence Read Archive under BioProject no. PRINA533550 with
BioSample accession no. SAMN44571444.

To suppress normal flora while simultaneously enriching for possible VRSA, 3 mL
tryptic soy broth with 6.5% sodium chloride was inoculated with 100 pL of the patient’s sample
and incubated overnight (18—24 hours at 35°C &+ 2°C ambient air). After incubation using a 10-
pL loop, broth was plated on 3 different in-house prepared media: SBA, brain-heart infusion
(BHI)-vanc (6 pg/mL) agar, and Columbia nalidixic acid (CNA). BHI-vanc plates were
incubated at 35°C + 2°C in ambient air, whereas the CNA and SBA plates were incubated at
35°C £ 2°C in CO; for up to 48 hours and observed for 3-hemolysis and growth at both 24 and
48 hours.

Supplementary Laboratory Results

The isolate showed resistance to cefoxitin, penicillin, levofloxacin, tetracycline, and
vancomycin (MIC of 128 pg/mL) and susceptibility to ceftaroline, chloramphenicol,
clindamycin, daptomycin, doxycycline, erythromycin, gentamicin, linezolid, rifampin,

tigecycline, and trimethoprim/sulfamethoxazole according to CLSI-established criteria (/).
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Supplementary Infection Prevention and Control Recommendations

1) Reeducate staff on appropriate wound care and infection prevention policies and

practices, specifically hand hygiene and appropriate use/wear of surgical masks.

2) Provide routine scheduled continuing education and just-in-time reeducation for all

staff on infection control policies and practices and provide regular reinforcement.

3) Conduct routine hand hygiene, personal protection equipment, and wound care

audits and provide feedback.
4) Install additional hand hygiene stations for staff use in resident areas.

5) Consult local health department to determine fire code and maximize opportunities

for hand hygiene stations.
6) Install splash barriers at hand hygiene sinks where splashing could occur.

7) Review infection control policies and update as needed by using nationally

recognized standards.

8) Ensure visiting dental hygienists follow appropriate CDC infection prevention

practices for dental settings.
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