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ABSTRACT

Purpose: This study aimed to investigate the molecular epidemiology of a methicillin-
resistant Staphylococcus aureus (MRSA) outbreak at a newborn nursery and neonatal intensive
care unit (NICU).

Methods: During the outbreak, from August to September 2017, MRSA isolates collected
from neonates and medical staff underwent genotyping and screened for virulence factors.
Antibiotic susceptibilities were tested.

Results: During the study period, 41 neonates were admitted at the nursery (n=27) and NICU
(n=14). Of these, 7 had MRSA infections (skin infection [n=6] and sepsis [n=1]) and 4 were
colonized with MRSA. Associated medical staff (n=32) were screened; three were nasal MRSA
carriers. Staphylococcal chromosomal cassette mec (SCCmec) type I, sequence type (ST) 89,
spa type t375 was found to be the skin infection outbreak causing strain, with multi-drug
resistance including low-level mupirocin resistance. SCCmec type IVa, ST 72, and a novel spa
type designated t17879, was the cause of MRSA sepsis. Many different types of MRSA were
colonized on the neonates; however, SCCmec type IVa, ST 72, spa type t664 was colonized in
both neonates and a NICU nurse. All MRSA isolates from colonized infants were positive for
the Panton-Valentine leukocidin (PVL) toxin gene.

Conclusions: The strain causing an outbreak of skin infections had multi-drug resistance.
Also, MRSA colonized in the neonates were found to carry the PVL toxin gene. Because
different strains are present during an outbreak, molecular epidemiologic studies are
important to identify the outbreak strain and colonized strains which aid in effective control
and prevention of future MRSA outbreaks.
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INTRODUCTION

Staphylococcus aureus is a nosocomial pathogen that has an exceptional ability to rapidly acquire
resistance to antibiotics. After the emergence of methicillin-resistant S. aureus (MRSA), it has
since then spread worldwide to become one of the leading causes of human bacterial infections.”
It remains a widespread problem not only in healthcare settings, but also in the community.

Because staphylococcal chromosomal cassette mec (SCCmec) typing has low discriminatory
power, many molecular typing methods to discriminate MRSA for epidemiologic purposes
have been developed. The gold standard in investigating MRSA outbreaks is pulse-field gel
electrophoresis (PFGE) typing,? however, because it is time-consuming and difficult to
compare results from different laboratories, multi-locus sequence typing (MLST),? and spa
typing® methods have been used to overcome reproducibility and exchange of results from
different laboratories.

Healthcare institutions have been investing numerous resources to monitor and prevent
healthcare associated (HA)-MRSA infections, which mostly cause infections in patients

with underlying conditions or risk factors. However, in the recent decades, community
associated (CA)-MRSA have disseminated worldwide to cause infections in otherwise healthy
individuals, and PFGE type USA300, MLST sequence type (ST) 8, SCCmec type IVa clone has
been one of the leading causes of CA-MRSA severe skin infections. Reports of this USA300
clone associated outbreaks have been published in the US, Europe, and Japan.>

An increase in both HA- and CA-MRSA outbreaks have also been reported in newborn and
neonatal intensive care units (NICUs),'>!" with molecular epidemiologic studies showing
USA300 to be a major cause.'*" Methods to combat and prevent epidemics have been
developed, and many institutions have been monitoring MRSA colonization in neonates
and applying protocols involving universal decolonization methods such as application of
mupirocin and chlorhexidine bathing to eradicate MRSA colonization. Many factors are
involved in the prolonged transmission and frequent relapses of MRSA colonization in the
NICU, which remain issues to be overcome.

The aim of this study was to investigate the molecular epidemiology of an MRSA outbreak at a
nursery and NICU to identify the source of infection and understand the characteristics of the
epidemic causing strain to prevent further transmission, prolonged carriage, and recolonization.

MATERIALS AND METHODS

1. Study design

An outbreak of MRSA occurred from August to September 2017, at a nursery and NICU center
of a 670-bed secondary teaching and referral hospital in Korea (Fig. 1). This hospital has an
average of about 150 normal and high-risk deliveries annually, and the nursery has 8 beds and
NICU has 5 beds with one isolation room. A total of 11 nursing staff members are assigned to
the nursery/NICU center. The nursery and NICU are separated into two isolated sections with
glass walls and doors; and situated between the two sections is the nurses' station.

During the outbreak which lasted for a span of 2 months, all patients admitted at the nursery/
NICU were included as study participants. Upon admission during this period, all patients
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Fig. 1. Timeline of the discovery of MRSA skin infections and colonizers.

Patients with MRSA infections (square icon) and colonization (circle icon) are shown on the timeline. Their initial admission periods are shown as arrows. Patient
C and D's MRSA isolates were not collected. Patients A-F had skin infections, and patient L was diagnosed with MRSA sepsis. Intervention included strict hand
hygiene, cohorting of MRSA positive patients, and MRSA eradication by mupirocin oint application.

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus.

https://piv.or.kr

underwent initial nasal, axillary, and periumbilical MRSA skin swab cultures. In I-week
intervals from the initial screening, a follow up culture was taken. When any of the sites
were positive for MRSA, mupirocin oint application 3 times daily for 5 days was applied.

The patients were also monitored for any symptoms or signs of MRSA infections, and upon
discovery of any skin lesions or symptoms of sepsis, appropriate cultures from sites of
infection were taken. All nursing and maintenance staff members of the nursery/NICU and
delivery room, as well as all pediatric and obstetrics/gynecology residents and staff members
that had any contact with the newborns or nursery/NICU facility were included in the initial
MRSA nasal screening and follow up screening of healthcare workers.

Skin and soft tissue infection was defined in accordance with the practice guidelines for

the diagnosis and management of skin and soft tissue infections updated by the Infectious
Disease Society of America in 2014." Sepsis caused by MRSA was defined as a patient with
fever (axillary body temperature >38.0°C) and MRSA cultured from the blood. An MRSA
colonizer was defined as a patient with MRSA cultured from either the nasal, axillary, or
periumbilical skin culture, without any symptoms or signs of infection. An MRSA carrier was
defined as a healthcare worker who had MRSA cultured from an intranasal swab culture.

The Institutional Review Board (IRB) of Daejeon St. Mary's Hospital approved this study (IRB
No. DC17SES10095). Informed consent was waived.

2. Bacterial isolation, identification, and antibiotic susceptibility testing

All MRSA isolated from patients with MRSA infections, colonizers, and healthcare workers were
collected. After initial MRSA identification and antibiotics susceptibilities were tested using

the automated microbiology system MicroScan Pos Breakpoint Combo Panel Type 44 (Siemens
Healthcare Diagnostics Inc., West Sacramento, CA, USA), the isolates were stored at -70°C.

The stored MRSA isolates were sub-cultured on mannitol salt agar plates at 37°C for 24 hours,
producing yellow colonies within yellow zones.

3. DNA extraction and MRSA molecular typing

The chromosomal DNA of the sub-cultured MRSA isolates were extracted using a DNA
extraction kit (DNeasy Kit; QIAGEN, Valencia, CA, USA) according to the instructions
recommended by the manufacturer.
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To use as a positive control, an MRSA isolate that had previously been identified and
characterized as PFGE type USA 300, SCCmec type IVa, ST 8 was included in the study.

To identify the structural types of the mec element among the MRSA strains isolated during
the study period, the protocol for multiplex polymerase chain reaction (PCR) strategy
developed and validated by Oliveira and de Lencastre'® was followed, using the same
oligonucleotide primers and PCR conditions. For MRSA isolates that were SCCmec type 1V,
a multiplex PCR of the J1 region upstream of the ccrAB locus in the staphylococcus cassette
chromosome, which distinguishes the subtypes of SCCmec type IV, was performed using
previously described methods reported by Milheirigo et al."”)

Typing using MLST of the MRSA isolates was performed by amplification and sequencing
of the internal fragments of the seven housekeeping genes (arcC, aroE, glpF, gmk, pta, tpi,
and ygiL) using oligonucleotide primers as previously described by Enright et al.,” under
the following PCR conditions: initial denaturation for 4 minutes at 94°C; 35 cycles of
denaturation for 30 seconds at 94°C, annealing for 30 seconds at 53°C for the primers aroE,
glpF, gmk, and pta, 57°C for the primers arcC, tpi, and ygiL, extension for 60 seconds at 72°C;
and final extension for 4 minutes at 72°C. The sequences of each of the seven housekeeping
genes were submitted to the MRSA database (https://pubmlst.org/saureus/) to designate a
seven-integer number to identify the allelic profile for assigning the ST.

Spa typing was performed by amplification and sequencing of the spa gene which

encodes protein A of S. aureus. The spa repeat region was amplified using forward

primer spa-1113f (5'-AAAGACGATCCTTCGGTGAGC-3') and reverse primer spa-1514r
(5'-CAGCAGTAGTGCCGTTTTGCTT-3') as previously described.!®! The sequences were then
used to identify the repeat succession to determine the spa type using the database on the
ridom spa server (https://spa.ridom.de/). A novel spa type was designated by submitting the
chromatogram files of the forward and reverse sequences on the ridom spa server.

4. Virulence gene detection

The presence of the cytotoxin, Panton-Valentine leukocidin (PVL), was detected by PCR
amplification and gel electrophoresis of the PVL gene. The following primers were used to
screen for the PVL gene in the MRSA isolates: [uk-PV-1, 5'-ATCATTAGGTAAAATGTCTGGACA
TGATCCA-3' and [uk-PV-2, 5'-GCATCAASTGTATTGGATAGCAAAAGC-3".2)

Isolates showing low-level resistance to mupirocin underwent gene sequencing of the 450-bp
portion of the native isoleucyl-tRNA synthetase (i/eS)'s Rossman fold region containing the
sequence of the known V588F mutation, as described previously by Yang et al.?V: Mrm1 (5'-
TCC CAG CAG ATA TGT ATT TAG AAG GT-3') and Mrm2 (5'-AAC CAC TTG GTC AGG TAC
AAT CAC A-3).

RESULTS

1. Description of the outbreak and infection control measures

The outbreak was first suspected when the following events occurred: a newborn visited the
emergency room 1 day after discharge due to irritability, multiple pustules on the axilla, and
severe omphalitis with mucopurulent discharge from the umbilical stump (A). The following
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day, a second case discharged 2 days prior, visited the outpatient clinic presenting with
axillary and inguinal pustules, and left thigh cellulitis (B). Two days later, 2 newborns (C, D)
that were discharged from the hospital's nursery within a span of 2 days visited the outpatient
clinic with multiple pustular lesions on the nasal, axillary, and umbilical area. When the pus
culture results of the first 2 cases of multiple pustulosis showed heavy growth of MRSA, an
MRSA outbreak at the hospital's nursery/NICU center was suspected, and immediately, the
infection prevention and control team was alerted (Fig. 1).

All 8 patients admitted in the nursery/NICU at the time were examined thoroughly for any
signs of skin infection and underwent surveillance by intranasal and axillary skin swab
cultures. Two patients in the NICU were discovered with multiple axillary pustulosis (E, F),
and initially 2 patients (I, J) were found to be colonized with MRSA. All patients with MRSA
infection or colonization were isolated, and strict contact precaution was enforced (Fig. 1).

To find the source of MRSA, all 32 healthcare workers including nurses, staff physicians,
residents, and interns working in the nursery/NICU and delivery room underwent MRSA initial
screening by intranasal skin swab culture. Because X-ray technologists and NICU cleaning staff
did not have direct contact with the patients, they were left out of the initial screening. A nurse
in the nursery/NICU and an obstetrician were found to be MRSA carriers (G, H).

All patients with MRSA infections and MRSA colonizers underwent twice daily intranasal 2%
mupirocin ointment (JW Pharmaceutical, Seoul, Korea) application for 7 days. Chlorhexidine
bathing was not done due to controversies on its safety in use on neonates. The 2 healthcare
workers (G, H) found to be MRSA carriers were advised to administer intranasal 2%
mupirocin for 7 days as well. All newborns received weekly MRSA surveillance cultures.

Twelve days after the start of intervention, a 4-day old neonate outborn at another hospital
was admitted to the nursery/NICU due to fever (L), and MRSA was grown on the patient's
initial blood culture. The following week, 2 more newborns (K, M) were newly found to be
colonized with MRSA. With the possibility of prolonged MRSA transmission, healthcare
workers who were left out of the initial screening, as well as workers found to be MRSA
carriers at the initial screening, were included in the second healthcare worker screening
of nasal MRSA. The nurse (H) who was initially positive for MRSA was again positive for
MRSA, and it was found that the nurse had not applied mupirocin ointment as advised. An
obstetrician was also newly identified as a nasal MRSA carrier (N). No new cases of MRSA
infection or colonization occurred afterwards. A total of 41 patients in the nursery/NICU were
screened, and 11 were positive for MRSA during the study period (Fig. 1).

2. Clinical characteristic of study patients

During the period of MRSA outbreak, MRSA was isolated from a total of 11 neonates. Of
these, 7 were isolated from the sites of infection (infection group), and 4 were cultured from
colonized skin sites (colonized group). Of the patients included in the infection group, 5 were
also found to have nasal/axillary MRSA colonized. The mode of delivery was cesarean delivery
in 57.1% of the infection group vs. 75% in the colonization group, and the median gestational
age (interquartile range [IQR]) was 38" (37*-39"!) weeks in the infection group vs. 37"
(33"-41"°) weeks in the colonized group. The median age at MRSA isolation (IQR) was 6 days
(5.0-9.0) in the infection group and 9 days (3.3-19.3) in the colonized group (Table 1).
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Table 1. Clinical characteristics of patients with MRSA isolated during the outbreak

Characteristics MRSA infection (n=7) MRSA colonization (n=4)
Male 3(42.9) 1(25.0)
Cesarean delivery 4 (57.1) 3(75.0)
Gestational age (wk) 38" (373-39") 37 (337-41°)
Median age at MRSA isolation (day) 6 (5.0-9.0) 9 (3.3-19.3)
Median admission duration prior to culture (day) 4 (3.0-6.0) 9 (3.3-19.3)
Presence of underlying disease

Preterm 1(14.3) 2 (50.0)

Neonatal seizure - 1(25.0)
Maternal history of MRSA infection 1(14.3) -
Isolation sites

Axilla 7 (100.0) 3 (75.0)

Nasal 5 (71.4) 4(100.0)

Pustule 6 (85.7) -

Umbilicus 2 (28.6) =

Blood 1(14.3) -

Inguinal 1(14.3) =

Values are presented as number of patients (%) or median (IQR).
Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; IQR, interquartile range.

The 7 patients with MRSA infection included 4 diagnosed with multiple skin pustulosis,
1 with pustulosis and omphalitis, 1 with pustulosis and thigh cellulitis, and 1 patient with
MRSA bacteremia without evidence of skin infection (Table 2).

3. Molecular epidemiology and antibiotic susceptibilities of the isolated
MRSA during the outbreak

The MRSA isolated from the two patients who were diagnosed with multiple pustulosis at

the outpatient department (C, D) were unable to be collected. Therefore, a total of 12 MRSA

isolates from neonates with MRSA infection (n=5), colonization (n=4), and healthcare workers

(n=3, 2 from the same nurse 1 month apart) were collected during the outbreak and analyzed.

Healthcare worker G's MRSA isolate was un-typed due to failure of subculture (Fig. 1).

The MRSA strain causing skin infections in the nursery/NICU was SCCmec type II, ST 89, spa
type 375 (Table 2), and was determined to be the outbreak strain. The strain causing MRSA

Table 2. Clinical and molecular characterization of the MRSA causing infections in neonates during the outbreak

Case Diagnosis Delivery site Pustule site SCCmec MLST spa type PVL ACME
A Pustulosis Inborn Periumbilical I ST 89 t375 N N
Omphalitis
B Pustulosis Inborn Both inguinal I ST 89 t375 N N
Thigh cellulitis Both axilla
Periumbilical
c Pustulosis Inborn Perinasal - - - - -
Left axilla
Periumbilical
i Pustulosis Inborn Both axilla - - - - -
E Pustulosis Inborn Right axilla I ST 89 375 N N
F Pustulosis Inborn Periumbilical 1l ST 89 t375 N N
Left axilla
L Sepsis Outborn - IVa ST 72 178797
USA 300* - - - IVa ST8 t008 P P

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; SCCmec, staphylococcal chromosomal cassette mec; MLST, multi-locus sequence typing;
PVL, Panton-Valentine leukocidin; ACME, arginine catabolic mobile element; ST, sequence type; N, negative; P, positive.
*Strain not available for molecular genotype study; TNew spa type; *included as positive control.
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bacteremia in the outborn patient admitted for sepsis was identified as SCCmec type IVa, ST
72, and a novel spa type designated as t17879. All typed MRSA isolates causing colonization
in neonates and healthcare workers were SCCmec type IVa, ST 72. However, they differed in
spa types: 2 of the neonates were colonized with the same spa type as the 2 isolates cultured
at different time periods from the same nursery nurse (H), t664. Two other neonates were
colonized with another spa type, t324. The isolate from the obstetrician (N) was also a
different spa type, t2413 (Fig. 1 and Table 3).

Of the total 9 MRSA isolates collected from neonates, SCCmec type IVa, ST 72 isolates (n=5)
were resistant to penicillins, but susceptible to all other antibiotics. The outbreak causing
SCCmectype II, ST 89, t375 strains (n=4) were multidrug resistant, showing resistance to
antibiotics including penicillins, aminoglycosides, macrolides, clindamycin, and low-level
resistance to mupirocin (minimum inhibitory concentration [MIC] 256 pg/mL) (Table 4).

4. Virulence of the MRSA isolates

The presence of the PVL cytotoxin gene was investigated. The MRSA isolate used as a positive
control, SCCmec type IVa, ST 8, t008, was positive for the PVL gene. The outbreak isolates
causing skin infections were negative, however, two spa types belonging to ST 72, SCCmec
type IVa, t664 and t324, were positive for the PVL cytotoxin.

Table 3. Molecular typing and virulence of MRSA causing infections and colonization

MLST type (SCCmec Type) Spa type (No.) PVL
Neonate HCW
Infection Colonization
ST 89 (II) t375 (4) =
ST 72 (IVa) 17879 (1) -
324 (2) +
1664 (2) 1664 (2)* +
2413 (1)t -

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MLST, multi-locus sequence typing; SCCmec,
staphylococcal chromosomal cassette mec; HCW, health-care worker; PVL, Pantone-Valentine leukocidin; ST,
sequence type; -, negative; +, positive.

*Two isolates were cultured from the same nurse in neonatal intensive care unit; TObstetrician.

Table 4. Antibiotic susceptibilities of MRSA isolated from neonates during the outbreak by MLST and spa type

Antibiotic No. of cases (%) susceptible to antibiotic
ST 89 ST72

t375 (n=4) 324 (n=2) 664 (n=2) 17879 (n=1) Total (n=5)
Penicillin 0 (0) 0 (0) 0 (0) 0(0) 0(0)
Oxacillin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Ampicillin 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Amoxicillin-clavulanic acid 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Mupirocin 0 (0)* 2 (100) 2 (100) 1(100) 5 (100)
Levofloxacin 3(75) 2 (100) 2 (100) 1(100) 5(100)
Linezolid 4 (100) 2 (100) 2 (100) 1(100) 5 (100)
Imipenem 0 (0) 2 (100) 2 (100) 1(100) 5 (100)
Gentamicin 0 (0) 2 (100) 2 (100) 1(100) 5(100)
Erythromycin 0 (0) 2 (100) 2 (100) 1(100) 5(100)
Ciprofloxacin 3(75) 2 (100) 2 (100) 1(100) 5(100)
Clindamycin 0 (0) 2 (100) 2 (100) 1(100) 5(100)
Azithromycin 0 (0) 2 (100) 2 (100) 1(100) 5(100)
Rifampin 4.(100) 2 (100) 2 (100) 1(100) 5 (100)
Trimethoprim/sulfamethoxazole 4 (100) 2 (100) 2 (100) 1(100) 5(100)
Vancomycin 4 (100) 2 (100) 2 (100) 1(100) 5(100)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MLST, multi-locus sequence typing; ST, sequence type.
*All (n=4) had mupirocin intermediate susceptibility (minimum inhibitory concentration 256 pg/mL).
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Fig. 2. ileS gene sequence and chromatogram image of MRSA isolates with low-level mupirocin resistance
showing missense mutation. The gene sequence of the ileS gene of the outbreak strains (samples No. 4, 5, 7, and
8) showed a G>T point mutation at the 1852 position, resulting in an amino acid change from valine to
phenylalanine (V588F) in the region of the Rossman fold of the isoleucine synthetase where mupirocin binds (S.
aureus ileS gene sequence was obtained from PubMed GenBank accession No. X74219.1).

Abbreviations: ileS, isoleucyl-tRNA synthetase; MRSA, methicillin-resistant Staphylococcus aureus.

The mechanism allowing the outbreak strain to show low-level mupirocin resistance was
sought by sequencing the ileS gene. The outbreak MRSA (samples No. 4, 5, 7, and 8) showed
a G—T point mutation at the 1852 position, resulting in an amino acid change from valine to
phenylalanine (V588F) in the region of the Rossman fold of the isoleucine synthetase where
mupirocin binds (Fig. 2).

DISCUSSION

Infections caused by MRSA continue to be an unceasing problem, both in hospitals and
communities. The colonization of MRSA in newborns and patients in critical conditions
predisposes them to subsequent MRSA infections, and therefore, all measures must be taken
to not only prevent the colonization of MRSA, but also to eradicate sources of MRSA which
can cause prolonged transmission in such settings. Therefore, the purpose of this study was
to investigate an MRSA outbreak at a secondary referral university hospital's nursery and
NICU to identify the source of infection and understand the characteristics of the epidemic
causing strain to prevent further transmission, prolonged carriage, and recolonization.
During the outbreak period, a total of 7 cases of MRSA infections occurred, 4 neonates were
found to be colonizers, and 3 healthcare workers were found to be MRSA carriers.

To find the outbreak causing strain, MRSA isolates collected during the study period
underwent genotyping. In this study, the skin infection causing outbreak strain was SCCmec
type II, ST 89, t375. This strain has been reported to be a long-term persistent CA-MRSA
strain causing staphylococcal scalded skin syndrome in Korean children with multidrug-
resistance,” and is also a strain found to cause skin and soft tissue infections in Japan.?)

All other neonates were colonized or infected with SCCmiec type IV, ST 72; which are one of
the most prevalent CA-MRSA types causing skin infections in children in Busan,? and most
commonly found in adult carriers in Gyeongsang province in Korea.*
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In this study, given that MLST did not provide a high enough discriminatory power to further
distinguish between strains within the same MLST sequence types, spa typing was used. Spa
typing was especially useful in determining the epidemiological relationship between the
isolates from outborn neonate admitted for MRSA sepsis and the other MRSA colonized
neonates, which were all SCCmec type IV, ST 72. The isolate from outborn neonate was
designated a novel spa type, t17879, which was a different spa type from the inborn neonates,
who were colonized with spa types t664 and t324. In a MRSA study performed on Korean
adults in Gyeongsang province, SCCmec type IV, ST 72, t664 (52.9%), and t324 (23.5%) were
the most common types found in both colonizers and patients with clinical infections.?

Healthcare workers are known to be possible sources or routes of MRSA transmission in hospital
wards and intensive care units. In this study, through spa typing, it was possible to observe

the significant role of healthcare workers on the spread of MRSA within the NICU, and how
MRSA carriers who have constant contact with neonates can be a cause of prolonged MRSA
transmission. During the outbreak, a nursery nurse was found to have MRSA nasal carriage early
on after outbreak recognition. However, failure of MRSA eradication in this healthcare worker
possibly led to a continued transmission to neonates with whom the nurse had direct contact
with. The nurse was most likely to be the source or route of MRSA transmission because two
neonates who were colonized with the same spa type as the nurse (t664) were both preterms with
prolonged admission in the NICU, however, were admitted at different time periods without any
overlap. This emphasizes the importance of recognizing and decolonizing healthcare workers
who are MRSA carriers early on in an MRSA outbreak as part of an approach for infection control.

Multidrug resistance enhances an organism's fitness for survival, especially under conditions

of antibiotics selective pressure, leading to capability for prolonged colonization. We found

that the outbreak causing strain in this study was multidrug resistant, including resistance to
erythromycin and clindamycin. Also, low-level mupirocin resistance (MIC 256 pg/mL) was
detected in the outbreak strain, and sequencing of the 7/eS gene revealed a point mutation
causing an amino acid change from valine to phenylalanine at the residue 588 in the region of the
Rossman fold (Fig. 2), which is the most common mutation found in MRSA isolates that show
low-level resistance to mupirocin.?*?) The clinical significance of low-level mupirocin resistance
is not yet fully understood, however, studies have shown that although MRSA isolates that show
low-level mupirocin resistance may be eradicated with mupirocin as effectively as susceptible
isolates, the rate of recolonization is higher.”* This is significant especially in hospital settings,
because mupirocin is not only used to treat skin infections, but also to eradicate MRSA carriage.
In the NICU, protocols of intranasal mupirocin application for 5 days have been used to eradicate
nasal MRSA carriage.***? With the increase in mupirocin resistance, failure of eradication and
prolonged transmission or recolonization may consequently lead to MRSA infection outbreaks.

There are two major mechanisms known for resistance to mupirocin: MRSA isolates that
demonstrate a high level mupirocin resistance with MIC >256 pg/mL acquire the plasma-
mediated mupA or mupB gene, which encodes a novel ileS,*3% whereas MRSA isolates with
low-level mupirocin resistance (MIC 8 to 256 pg/mL) show nonsense point mutations
affecting the Rossman fold where mupirocin binds in the native ileS gene.?® The prevalence of
mupirocin resistance is increasing worldwide, and a study done on MRSA causing infections
in children with atopic dermatitis showed that since 2009, the proportion of MRSA resistant
to mupirocin has increased from 4.3% to 35.6% in 2016.> Therefore, the need to monitor
both low-level and high-level mupirocin resistance in MRSA is essential.
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The ability of S. aureus to produce PVL, which is a cytotoxin that causes leukocyte destruction
and tissue necrosis, leads to an increased virulence, and is associated with severe skin lesions
such as cellulitis, furunculosis, cutaneous abscesses, and skin necrosis.?>** Mostly found
in the USA300, SCCmec type IV, ST 8 clone, there are reports of other clones that harbor this
cytotoxin.* Because the outbreak strain in this study, SCCmec type I1, ST 89, t375, presented
mainly as skin infections, the presence of the PVL cytotoxin was examined. The outbreak
MRSA strain did not carry the PVL gene, and there have not yet been any reports that SCCmec
type II, ST 89 clones produce this toxin.

Although the presence of the PVL gene does not imply that the gene will be expressed to
transcribe the toxin, multidrug-resistant MRSA isolates that produce PVL may pose a severe
threat to patients because multidrug resistant MRSA demonstrating resistance to toxin-
suppressing antibiotics such as clindamycin and rifampin limits the choice in antibiotics

for treatment of infections. In this study, 2 spa types were found to carry the PVL gene,

t324, which was found in 2 colonized neonates, and t664, which was isolated from a nurse
who was a possible source or route of transmission to 2 colonized neonates. Although both
strains did not yet cause diseases in the carriers, their high potential for severe infections
make them a threat in the NICU. Therefore, monitoring PVL-producing MRSA for screening,
decolonization, and determining treatment choice is essential.

In conclusion, during this MRSA outbreak, many different MRSA types were found to co-
circulate. Identifying the outbreak strain as well as strains co-circulating in the intensive

care unit and investigating their virulent characteristics through molecular epidemiologic
studies broadens clinicians understanding about their clinical burden, and aids in controlling
infections and transmission of strains that are possible threats to patients. This study showed
the importance of eradicating not only the outbreak strain, but also decolonizing healthcare
workers who could play a vital role in the transmission of MRSA with virulent potentials.

REFERENCES

1. Peacock JE Jr, Marsik FJ, Wenzel RP. Methicillin-resistant Staphylococcus aureus: introduction and spread
within a hospital. Ann Intern Med 1980;93:526-32.
PUBMED | CROSSREF

2. McDougal LK, Steward CD, Killgore GE, Chaitram JM, McAllister SK, Tenover FC. Pulsed-field gel
electrophoresis typing of oxacillin-resistant Staphylococcus aureus isolates from the United States:
establishing a national database. J Clin Microbiol 2003;41:5113-20.
PUBMED | CROSSREF

3. Enright MC, Day NP, Davies CE, Peacock SJ, Spratt BG. Multilocus sequence typing for characterization of
methicillin-resistant and methicillin-susceptible clones of Staphylococcus aureus. J Clin Microbiol 2000;38:1008-15.
PUBMED

4. Strommenger B, Kettlitz C, Weniger T, Harmsen D, Friedrich AW, Witte W. Assignment of Staphylococcus
isolates to groups by spa typing, Smal macrorestriction analysis, and multilocus sequence typing. J Clin
Microbiol 2006;44:2533-40.
PUBMED | CROSSREF

5. Moran GJ, Krishnadasan A, Gorwitz RJ, Fosheim GE, McDougal LK, Carey RB, et al. Methicillin-resistant
S. aureus infections among patients in the emergency department. N Engl ] Med 2006;355:666-74.
PUBMED | CROSSREF

6. Nimmo GR. USA300 abroad: global spread of a virulent strain of community-associated methicillin-
resistant Staphylococcus aureus. Clin Microbiol Infect 2012;18:725-34.
PUBMED | CROSSREF

https://piv.or.kr https://doi.org/10.14776/piv.2019.26.€23 157


http://www.ncbi.nlm.nih.gov/pubmed/6904159
https://doi.org/10.7326/0003-4819-93-4-526
http://www.ncbi.nlm.nih.gov/pubmed/14605147
https://doi.org/10.1128/JCM.41.11.5113-5120.2003
http://www.ncbi.nlm.nih.gov/pubmed/10698988
http://www.ncbi.nlm.nih.gov/pubmed/16825376
https://doi.org/10.1128/JCM.00420-06
http://www.ncbi.nlm.nih.gov/pubmed/16914702
https://doi.org/10.1056/NEJMoa055356
http://www.ncbi.nlm.nih.gov/pubmed/22448902
https://doi.org/10.1111/j.1469-0691.2012.03822.x
https://piv.or.kr

PEDIATRIC
INFECTION
MRSA Outbreak at a Newborn Nursery and NICU & VACCINE

https://piv.or.kr

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Patel M, Thomas HC, Room J, Wilson Y, Kearns A, Gray J. Successful control of nosocomial transmission
of the USA300 clone of community-acquired meticillin-resistant Staphylococcus aureus in a UK paediatric
burns centre. ] Hosp Infect 2013;84:319-22.

PUBMED | CROSSREF

Patel M, Waites KB, Hoesley CJ, Stamm AM, Canupp KC, Moser SA. Emergence of USA300 MRSA in a
tertiary medical centre: implications for epidemiological studies. ] Hosp Infect 2008;68:208-13.

PUBMED | CROSSREF

Kawaguchiya M, Urushibara N, Yamamoto D, Yamashita T, Shinagawa M, Watanabe N, et al.
Characterization of PVL/ACME-positive methicillin-resistant Staphylococcus aureus (genotypes ST8-MRSA-
IV and ST5-MRSA-II) isolated from a university hospital in Japan. Microb Drug Resist 2013;19:48-56.
PUBMED | CROSSREF

Harris SR, Cartwright EJ, Torok ME, Holden MT, Brown NM, Ogilvy-Stuart AL, et al. Whole-genome
sequencing for analysis of an outbreak of meticillin-resistant Staphylococcus aureus: a descriptive study.
Lancet Infect Dis 2013;13:130-6.

PUBMED | CROSSREF

Carey AJ, Della-Latta P, Huard R, Wu F, Graham PL 3rd, Carp D, et al. Changes in the molecular
epidemiological characteristics of methicillin-resistant Staphylococcus aureus in a neonatal intensive care
unit. Infect Control Hosp Epidemiol 2010;31:613-9.

PUBMED | CROSSREF

McAdams RM, Ellis MW, Trevino S, Rajnik M. Spread of methicillin-resistant Staphylococcus aureus USA300
in a neonatal intensive care unit. Pediatr Int 2008;50:810-5.

PUBMED | CROSSREF

Sanchini A, Spitoni MG, Monaco M, Raglio A, Grigis A, Petro W, et al. Outbreak of skin and soft tissue
infections in a hospital newborn nursery in Italy due to community-acquired meticillin-resistant
Staphylococcus aureus USA300 clone. J Hosp Infect 2013;83:36-40.

PUBMED | CROSSREF

Lee H, Kim ES, Choi C, Seo H, Shin M, BokJH, et al. Outbreak among healthy newborns due to a new
variant of USA300-related meticillin-resistant Staphylococcus aureus. ] Hosp Infect 2014;87:145-51.
PUBMED | CROSSREF

Stevens DL, Bisno AL, Chambers HF, Dellinger EP, Goldstein EJ, Gorbach SL, et al. Practice guidelines for
the diagnosis and management of skin and soft tissue infections: 2014 update by the Infectious Diseases
Society of America. Clin Infect Dis 2014;59:€10-52.

PUBMED | CROSSREF

Oliveira DC, de Lencastre H. Multiplex PCR strategy for rapid identification of structural types and variants of
the mec element in methicillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother 2002;46:2155-61.
PUBMED | CROSSREF

Milheirico C, Oliveira DC, de Lencastre H. Multiplex PCR strategy for subtyping the staphylococcal
cassette chromosome mec type IV in methicillin-resistant Staphylococcus aureus: ‘SCCmec IV multiplex’.

J Antimicrob Chemother 2007;60:42-8.

PUBMED | CROSSREF

Harmsen D, Claus H, Witte W, Rothgénger J, Claus H, Turnwald D, et al. Typing of methicillin-resistant
Staphylococcus aureus in a university hospital setting by using novel software for spa repeat determination
and database management. J Clin Microbiol 2003;41:5442-8.

PUBMED | CROSSREF

Moodley A, Stegger M, Bagcigil AF, Baptiste KE, Loeffler A, Lloyd DH, et al. spa typing of methicillin-
resistant Staphylococcus aureus isolated from domestic animals and veterinary staff in the UK and Ireland.
J Antimicrob Chemother 2006;58:1118-23.

PUBMED | CROSSREF

Lina G, Piémont Y, Godail-Gamot F, Bes M, Peter MO, Gauduchon V, et al. Involvement of Panton-
Valentine leukocidin-producing Staphylococcus aureus in primary skin infections and pneumonia. Clin
Infect Dis 1999;29:1128-32.

PUBMED | CROSSREF

YangJA, Park DW, Sohn JW, Yang IS, Kim KH, Kim MJ. Molecular analysis of isoleucyl-tRNA synthetase
mutations in clinical isolates of methicillin-resistant Staphylococcus aureus with low-level mupirocin
resistance. ] Korean Med Sci 2006;21:827-32.

PUBMED | CROSSREF

Jeon H, Ma SH, Jo HJ, Woo MS, An H, Park H, et al. Long-term persistence of sequence type 89
methicillin-resistant Staphylococcus aureus isolated from cases of staphylococcal scalded skin syndrome in a
Korean community. ] Med Microbiol 2016;65:1542-4.

PUBMED | CROSSREF

https://doi.org/10.14776/piv.2019.26.€23 158


http://www.ncbi.nlm.nih.gov/pubmed/23711818
https://doi.org/10.1016/j.jhin.2013.04.013
http://www.ncbi.nlm.nih.gov/pubmed/18289726
https://doi.org/10.1016/j.jhin.2007.12.010
http://www.ncbi.nlm.nih.gov/pubmed/23083127
https://doi.org/10.1089/mdr.2012.0089
http://www.ncbi.nlm.nih.gov/pubmed/23158674
https://doi.org/10.1016/S1473-3099(12)70268-2
http://www.ncbi.nlm.nih.gov/pubmed/20420500
https://doi.org/10.1086/652526
http://www.ncbi.nlm.nih.gov/pubmed/19067897
https://doi.org/10.1111/j.1442-200X.2008.02646.x
http://www.ncbi.nlm.nih.gov/pubmed/23158684
https://doi.org/10.1016/j.jhin.2012.09.017
http://www.ncbi.nlm.nih.gov/pubmed/24856113
https://doi.org/10.1016/j.jhin.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24973422
https://doi.org/10.1093/cid/ciu296
http://www.ncbi.nlm.nih.gov/pubmed/12069968
https://doi.org/10.1128/AAC.46.7.2155-2161.2002
http://www.ncbi.nlm.nih.gov/pubmed/17468509
https://doi.org/10.1093/jac/dkm112
http://www.ncbi.nlm.nih.gov/pubmed/14662923
https://doi.org/10.1128/JCM.41.12.5442-5448.2003
http://www.ncbi.nlm.nih.gov/pubmed/17030517
https://doi.org/10.1093/jac/dkl394
http://www.ncbi.nlm.nih.gov/pubmed/10524952
https://doi.org/10.1086/313461
http://www.ncbi.nlm.nih.gov/pubmed/17043414
https://doi.org/10.3346/jkms.2006.21.5.827
http://www.ncbi.nlm.nih.gov/pubmed/27902366
https://doi.org/10.1099/jmm.0.000373
https://piv.or.kr

PEDIATRIC
INFECTION
MRSA Outbreak at a Newborn Nursery and NICU & VACCINE

https://piv.or.kr

23. MaedaT, Saga T, Miyazaki T, Kouyama Y, Harada S, Iwata M, et al. Genotyping of skin and soft tissue infection
(SSTI)-associated methicillin-resistant Staphylococcus aureus (MRSA) strains among outpatients in a teaching
hospital in Japan: application of a phage-open reading frame typing (POT) kit. J Infect Chemother 2012;18:906-14.
PUBMED | CROSSREF

24. Park SH, Kim KJ, Kim BK, Hwang SM. Molecular characterization of community-associated methicillin-
resistant and methicillin-susceptible Staphylococcus aureus isolates from children with skin infections in
Busan, Korea. ] Bacteriol Virol 2015;45:104-11.

CROSSREF

25. BaelG, Kim]JS, Kim S, Heo ST, Chang C, Lee EY. Genetic correlation of community-associated
methicillin-resistant Staphylococcus aureus strains from carriers and from patients with clinical infection in
one region of Korea. ] Korean Med Sci 2010;25:197-202.

PUBMED | CROSSREF

26. Antonio M, McFerran N, Pallen MJ. Mutations affecting the Rossman fold of isoleucyl-tRNA synthetase
are correlated with low-level mupirocin resistance in Staphylococcus aureus. Antimicrob Agents Chemother
2002;46:438-42.

PUBMED | CROSSREF

27. Yun HJ, Lee SW, Yoon GM, Kim SY, Choi S, Lee YS, et al. Prevalence and mechanisms of low- and high-
level mupirocin resistance in staphylococci isolated from a Korean hospital. ] Antimicrob Chemother
2003;51:619-23.

PUBMED | CROSSREF

28. Hetem DJ, Bonten MJ. Clinical relevance of mupirocin resistance in Staphylococcus aureus. ] Hosp Infect
2013;85:249-56.
PUBMED | CROSSREF

29. Hurdle ]G, O'Neill AJ, Chopra I. The isoleucyl-tRNA synthetase mutation V588F conferring mupirocin
resistance in glycopeptide-intermediate Staphylococcus aureus is not associated with a significant fitness
burden. J Antimicrob Chemother 2004;53:102-4.

PUBMED | CROSSREF

30. Washam M, Woltmann ], Haberman B, Haslam D, Staat MA. Risk factors for methicillin-resistant
Staphylococcus aureus colonization in the neonatal intensive care unit: a systematic review and meta-
analysis. Am J Infect Control 2017;45:1388-93.

PUBMED | CROSSREF

31. Regev-Yochay G, Rubinstein E, Barzilai A, Carmeli Y, Kuint J, Etienne J, et al. Methicillin-resistant
Staphylococcus aureus in neonatal intensive care unit. Emerg Infect Dis 2005;11:453-6.

PUBMED | CROSSREF

32. Huang YC, Lien R, Lin TY. Effect of mupirocin decolonization on subsequent methicillin-resistant
Staphylococcus aureus infection in infants in neonatal intensive care units. Pediatr Infect Dis J 2015;34:241-5.
PUBMED | CROSSREF

33. Udo EE, Jacob LE, Mathew B. Genetic analysis of methicillin-resistant Staphylococcus aureus expressing
high- and low-level mupirocin resistance. ] Med Microbiol 2001;50:909-15.

PUBMED | CROSSREF

34. Seah C, Alexander DC, Louie L, Simor A, Low DE, Longtin J, et al. MupB, a new high-level mupirocin
resistance mechanism in Staphylococcus aureus. Antimicrob Agents Chemother 2012;56:1916-20.
PUBMED | CROSSREF

35. HwangY, KangJS, Kim BK, Kim SW. Colonization of Staphylococcus aureus and sensitivity to antibiotics in
children with atopic dermatitis. Allergy Asthma Respir Dis 2017;5:21-6.
CROSSREF

36. Couppie P, Cribier B, Prévost G. Leukocidin from Staphylococcus aureus and cutaneous infections: an
epidemiologic study. Arch Dermatol 1994;130:1208-9.
PUBMED | CROSSREF

37. Baba-Moussa L, Sina H, Scheftel JM, Moreau B, Sainte-Marie D, Kotchoni SO, et al. Staphylococcal
Panton-Valentine leucocidin as a major virulence factor associated to furuncles. PLoS One 2011;6:€25716.
PUBMED | CROSSREF

38. Muttaiyah S, Coombs G, Pandey S, Reed P, Ritchie S, Lennon D, et al. Incidence, risk factors, and
outcomes of Panton-Valentine leukocidin-positive methicillin-susceptible Staphylococcus aureus infections
in Auckland, New Zealand. ] Clin Microbiol 2010;48:3470-4.

PUBMED | CROSSREF

39. Zhang C, Guo Y, Chu X. In vitro generation of Panton-Valentine leukocidin (PVL) in clinical methicillin-
resistant Staphylococcus aureus (MRSA) and its correlation with PVL variant, clonal complex, infection type.
Sci Rep 2018;8:7696.

PUBMED | CROSSREF
https://doi.org/10.14776/piv.2019.26.€23 159


http://www.ncbi.nlm.nih.gov/pubmed/23150115
https://doi.org/10.1007/s10156-012-0506-4
https://doi.org/10.4167/jbv.2015.45.2.104
http://www.ncbi.nlm.nih.gov/pubmed/20119570
https://doi.org/10.3346/jkms.2010.25.2.197
http://www.ncbi.nlm.nih.gov/pubmed/11796355
https://doi.org/10.1128/AAC.46.2.438-442.2002
http://www.ncbi.nlm.nih.gov/pubmed/12615863
https://doi.org/10.1093/jac/dkg140
http://www.ncbi.nlm.nih.gov/pubmed/24144552
https://doi.org/10.1016/j.jhin.2013.09.006
http://www.ncbi.nlm.nih.gov/pubmed/14657089
https://doi.org/10.1093/jac/dkh020
http://www.ncbi.nlm.nih.gov/pubmed/29195583
https://doi.org/10.1016/j.ajic.2017.06.021
http://www.ncbi.nlm.nih.gov/pubmed/15757564
https://doi.org/10.3201/eid1103.040470
http://www.ncbi.nlm.nih.gov/pubmed/25742074
https://doi.org/10.1097/INF.0000000000000540
http://www.ncbi.nlm.nih.gov/pubmed/11599741
https://doi.org/10.1099/0022-1317-50-10-909
http://www.ncbi.nlm.nih.gov/pubmed/22252810
https://doi.org/10.1128/AAC.05325-11
https://doi.org/10.4168/aard.2017.5.1.21
http://www.ncbi.nlm.nih.gov/pubmed/8085883
https://doi.org/10.1001/archderm.1994.01690090142027
http://www.ncbi.nlm.nih.gov/pubmed/22022439
https://doi.org/10.1371/journal.pone.0025716
http://www.ncbi.nlm.nih.gov/pubmed/20686081
https://doi.org/10.1128/JCM.00911-10
http://www.ncbi.nlm.nih.gov/pubmed/29769634
https://doi.org/10.1038/s41598-018-26034-y
https://piv.or.kr

PEDIATRIC
INFECTION
MRSA Outbreak at a Newborn Nursery and NICU & VACCINE

Qo

3. B oAM= Al ot 3t 4l Ao} F2kat Al of| A Y SE methicillin-resistant Staphylococcus aureus (MRSA) -3§ 0l A &
Apet B 2tol| A 221 E MRSAQ] A 814 AT & AFsto] 539 ZHh Yot A up4 =& nhetetazt sqlnt.

2 MRSA 7337171 2017'd 8L H-E] 9¥7HA] m] R4t 9 s E 3 S5 By A2 R E] 22 MRSA 55 T2
2 {3y 2 /g RS 2A sk A A4 AHE A5k

Zap: A7)t 5 Al Aokl (n=27) Al Aot SEAHA (n=14)0l] F 4178 9] AAYotEo] AYegiTt 1 &, 79 (7 R4
[n=6], W& Z[n=1])°l 4] MRSA Z<o] =3, B2} 47 o] AL QT AlAJote} o] Q= 983 321 5 35
o] MRSAE H|7}ol| E#5 T T 274+ 738 Q1 75+ Staphylococcal chromosomal cassette mec (SCCmec) type I, se-
quence type (ST) 89, spa type t375% 21, F-H] 24 A5 = W3S E3loto] YA thAU/dS Bt i@ FE ol #+=+
= SCCmectype IVa, ST 72, | 22 spatype?! 17879 T}. 4l 4ot 4T of| Al Z 2Hel MRSA FFE -2 ThYsH 2 L SCCmectype
IVa, ST 72, spa type t6647} &) £ X1} 4l Ao} 27 ol A 352 0 2 22| =] QU T}, Panton-Valentine leukocidin (PVL) toxin -f-%1
A7} Al otol| Al Fehe & ool A A E i

ZE: 174 82 €27 MRSA 75 A tAlUAd S Eol= #5212 oF MRSA B Aol Al A 22 E
F 25 PVL 54 FAAE BRoinh /3717 &9 T s MRSA w57} Al otEol| Al A 22 = 7] wioll, 234
QI e e B 7t Ay o) Atk fl5ho] EAF e 2ALE Foto] YRlw S FRlsta Mubg 2 & nhotst= Zlo] F

https://piv.or.kr https://doi.org/10.14776/piv.2019.26.€23 160


https://piv.or.kr

	Molecular Epidemiologic Study of a Methicillin-resistant Staphylococcus aureus Outbreak at a Newborn Nursery and Neonatal Intensive Care Unit
	INTRODUCTION
	MATERIALS AND METHODS
	2. Bacterial isolation, identification, and antibiotic susceptibility testing
	3. DNA extraction and MRSA molecular typing
	4. Virulence gene detection

	RESULTS
	2. Clinical characteristic of study patients
	3. �Molecular epidemiology and antibiotic susceptibilities of the isolated MRSA during the outbreak
	4. Virulence of the MRSA isolates

	DISCUSSION
	REFERENCES
	요약


