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Table 5 Antibacterial susceptibility of Moraxella catarrhalis

Table 6 Antibacterial susceptibility of Klebsiella pneumoniae

Antibacterial agent MIC (pg/ml)

Antibacterial agent MIC (pg/ml)

Susceptibilities of the 70 strains of M. catarrhalis to 40 antimicrobial
agents were studied

@ Springer

50 % 90 % Range 50 % 90 % Range

PCG 16 32 <0.06 to 64 ABPC 32 128 8 to >256
ABPC 8 16 <0.06 t0 32 SBT/ABPC 4 8 2to32
SBT/ABPC 0.125 0.25 <0.06 t0 0.3 CVA/AMPC 2 4 0.5to0 16
CVA/AMPC 0.25 0.25 <0.06 to 0.5 PIPC 4 8 0.5 to >256
PIPC 2 16 <0.06 to 32 TAZ/PIPC-1 2 4 <0.06 to 32
TAZ/PIPC-1 <0.06 <0.06 <0.06 TAZ/PIPC-2 2 4 0.25 to 32
TAZ/PIPC-2 0.125 0.125 <0.06 to 0.125 CCL 0.5 1 0.125 to >256
CCL 2 8 0.125 to 32 CFDN 0.125 0.25 <0.06 to >128
CFDN 0.25 0.5 <0.06 to 1 CFPN 0.5 1 <0.06 to 32
CFPN 0.5 1 <0.06 to 4 CDTR 0.125 0.5 <0.06 to >128
CDTR 0.5 1 <0.06 to 2 CEZ 1 2 0.5 to >256
CEZ 4 16 0.125 to 64 CMZ 0.5 1 0.25to 64
CMZ 0.5 1 <0.06 to 4 CT™M 0.125 0.25 <0.06 to >256
CTM 1 2 0.25t0 4 CAZ 0.125 0.25 <0.06 to 64
CAZ 0.25 0.5 <0.06 to 2 CTRX <0.06 0.125 <0.06 to 64
CTRX 1 2 <0.06 to 4 CFPM <0.06 0.125 <0.06 to 8
CFPM 1 4 <0.06 to 8 CZOoP <0.06 <0.06 <0.06 to 32
CZOP 2 8 <0.06 to 8 IPM 0.125 0.5 <0.06to 1
IPM <0.06 0.125 <0.06 to 0.25 PAPM 0.125 0.5 <0.06 to 0.5
PAPM <0.06 <0.06 <0.06 to 0.125 MEPM <0.06 <0.06 <0.06 to 0.125
MEPM <0.06 <0.06 <0.06 BIPM 0.125 0.5 <006 to 1
BIPM <0.06 <0.06 <0.06 to 0.125 DRPM <0.06 =<0.06 <0.06 to 0.125
DRPM <0.06 <0.06 <0.06 FRPM 0.5 0.5 0.125t0 32
FRPM 0.5 0.5 <0.06 to 1 AZT <0.06 0.125 <0.06 to 4
AZT 2 4 0.125t0 8 GM 0.25 0.25 <0.06 to 0.5
GM ' 0.125 0.125 <0.06 to 0.25 TOB 0.5 0.5 <0.06 to 8
TOB 0.25 0.25 <0.06 to 0.5 AMK 1 1 0.125t0 2
AMK 0.5 1 <0.06 to 2 ABK 0.5 0.5 <0.06 to 0.5
ABK 0.125 0.25 <0.06 to 0.5 AZM 8 16 1to 64
EM 0.125 0.25 <0.06 to 0.5 CPFX <0.06 <0.06 <0.06 to 4
CAM 0.125 0.25 <0.06 to 0.5 LVEFX <0.06 0.25 <0.06 to 4
AZM <0.06 <0.06 <0.06 TFLX <0.06 <0.06 <0.06 to 8
TEL 0.125 0.25 <0.06 to 0.25 MFLX 0.125 0.5 <0.06 to 8

" CPFX <0.06 <0.06 <0.06 to 0.125 PZFX <0.06 <0.06 <0.06 to 2
LVEX <0.06 <0.06 <0.06 to 2 GRNX <0.06 0.25 <0.06 to 8
TFLX <0.06 <0.06 <0.06 MINO 2 4 0.25 to 64
MFLX =0.06 =0.06 =0.06 t0 0.5 Susceptibilities of the 78 strains of K. pneumoniae to 35 antimicrobial
PZFX <0.06 <0.06 <0.06to 2 agents were studied
GRINX <0.06 <0.06 <0.06 to 0.25
MINO 0.125 0.25 <0.06 to 1 The incidence of MRSA was as high as 58.5 %, which is
CLDM 2 4 05t08 similar to the data reported by Mochizuki et al. [6] under
vem 64 128 3210128 the analyses via WHONET 5. These MRSA strains are
TEIC 16 32 810 32 susceptible to ABK, VCM, TEIC, and LZD, except that a
LzZD 8 8 21016 few. strains which are somewhat less susceptible (MIC

8.0 pg/ml) to ABK may possess both aph(3')-III and
aac(6’)/aph(2") genes, as reported recently [S]. Although
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Table 7 Antibacterial susceptibility of Pseudomonas aeruginosa

Antibacterial agent MIC (pg/ml)

50 % 90 % Range
PIPC 4 >256 0.5 to =256
TAZ/PIPC-1 4 128 0.125 to >256
TAZ/PIPC-2 4 128 0.25 to =256
CAZ 2 32 0.5 10 =128
CTRX 32 >256 1 to =256
CFPM 4 32 0.25 to =256
CZOP 2 32 0.125 to =256
IPM 1 16 <0.06 to 64
PAPM 4 32 0.25 to 128
MEPM 0.5 16 <0.06 to >256
BIPM 0.25 16 <0.06 to 128
DRPM 0.25 8 <0.06 to =128
AZT 4 32 0.125 to =256
GM 1 8 <0.06 to >256
TOB 0.5 2 <0.06 to =256
AMK 2 8 0.125 to 64
ABK - 1 8 0.125 to 32
CPFX 0.25 8 <0.06 to 128
LVFX 1 16 <0.06 to >256
TFLX 0.5 >32 <0.06 to =32
MFLX 4 16 <0.06 to =256
PZFX 0.5 8 <0.06 to >256
GRNX 2 32 <0.06 to >256
MINO 16 64 0.5 to =256

Susceptibilities of the 103 strains of P. aeruginosa to 23 antimicrobial
agents were analyzed

the emergence of resistant MRSA against VCM, TEIC, or
LZD has already been reported in Japan, such a resistant
strain was not detected in this surveillance.

In the previous criteria, the concentration at which
S. pneumoniae is considered to be susceptible to penicillin
for the treatment of pneumonia was determined by refer-
ence to the susceptibility breakpoint for meningitis
(0.06 pg/ml). In this surveillance, the susceptibility of
S. pneumoniae to PCG was categorized with the new cri-
teria of breakpoint MICs (MIC of PCG: PSSP <2, PISP 4,
PRSP >8), and the proportion of PSSP/PISP/PRSP was
found to be 94:6:0. These results suggest that penicillin is
still effective against community-acquired pneumonia
caused by S. pneumoniae but that some penicillin-inter-
mediate strains are present. Among PSSP, more than 85 %
are thought to be erm-harboring strains because of their
resistance to macrolides (EM, CAM, and AZM) and
CLDM and susceptibility to the ketolide TEL.

To understand the trend of the susceptibility of
S. pneumoniae to PCG, we also compared the incidence of
the S. pneumoniae isolation in each year with the previous

criteria (MIC of PCG: PSSP <0.06, PISP 0.125-1, PRSP
>2). Although the proportions of PSSP/PISP/PRSP of 2006
and 2007 were at a similar level (61:35:4 and 65:30:5,
respectively), the susceptibility of S. pnewmoniae to PCG
seems to have decreased in 2008 and 2009 (53:35:12 and
56:27:17, respectively). In particular, the frequency of
PRSP, increased from 11.8 % in 2008 to 17.3 % in 2009.
In comparison to 2006, the statistical difference of the
frequency of PRSP in 2008 and in 2009 was at P = 0.006
and at P = 0.0001, respectively. Because it is difficult to
detect these alarming trends by the new criteria of break-
point MICs, careful watching using the previous criteria is
continuously needed. ,

Concerning H. influenzae, half the strains in the present
survey showed decreased susceptibility to ABPC without
production of f-lactamase; i.e., BLNAI (21.1 %) and
BLNAR (18.7 %). The incidence of BLNAI in adults is
thought to be somewhat lower (30.4 %) than that in chil-
dren [7]. All six fluoroguinolones demonstrated extremely
strong activity (MICoo <0.06 pg/ml) against H. influenzae
strains, regardless of their ABPC susceptibility. Among the
other agents, PIPC, TAZ/PIPC, CDTR, CTRX, and MEPM
showed strong activities (MICgos of 0.125-0.25 pg/ml)
against BLNAS, BLNAI, and BLNAR strains. TAZ
markedly restored the activity of PIPC against BLPAR
(MICqyq decreased from >256 pg/ml to 0.125 pg/ml).

The susceptibilities of M. catarrhalis in the present

. survey showed that f-lactamase inhibitors restored the

activities of penicillins against these strains: SBT decreased
the MICqy of ABPC from 16 to 0.25 pg/ml. The data sug-
gest that most of the strains were resistant to penicillins
because of f-lactamase production. For the treatment of M.
catarrhalis infections, carbapenems, macrolides, and fluo-
roquinolones may be recommended because these drugs
showed strong activities, with MICges <0.06-0.25 pg/ml.

The prevalence of ESBL strains has become a concern
in recent years. Yagi et al. [8] conducted a survey of ES-
BLs among 9,794 K. pneumoniae clinical isolates in Japan
during the period January 1997 to January 1998, and they
reported that 34 isolates (0.3 %) had been found to produce
ESBLs. However, an increase in the number of ESBL-
producing strains has been suggested; Yamaguchi et al. [9]
reported the results of a nationwide surveillance of anti-
bacterial activity of clinical isolates in 2009, and 3.3 % (3
of 91 strains) of K. pneumoniae were found to be ESBL-
producing strains. In our study, 1 of 78 strains (1.3 %) of K.
pneumoniae were found to be ESBL-producing strains, and
the results were consistent with previous reports.

In the present survey, 2 (1.9 %) metallo-f-lactamase
(MBL)-producing strains and 3 (2.9 %) multidrug-resistant
strains were found in 103 P. aeruginosa isolates. Yamag-
uchi et al. compared the frequencies of multidrug-resistant
strains of P. aeruginosa between isolates from the urinary

a Springer
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tract infections and those of RTIs; they reported 5.6 % and
1.8 % of multidrug-resistant strains were found from the
urinary isolates and the respiratory isolates, respectively.
Therefore, a low incidence of multidrug-resistant P. aeru-
ginosa may be limited to respiratory infections [10].

We think our surveillance data will be a useful reference
for the treatment of respiratory infections in our country.
There is substantial evidence that the overuse of antibiotics
is a major cause for the emergence of resistance in respi-
ratory pathogens. To prevent the further spread of antimi-
crobial resistance 1in respiratory pathogens, proper
antibiotic use is necessary. We should also continue the
surveillance to determine the actual situation of the resis-
tance shown by bacterial respiratory pathogens to antimi-
crobial agents.
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Infection Control Measures in Medical Facilities for Influenza (HINI) 2009 Pandemic Period
Yuji Fungkura?, Teruo KIRIKAE?' and Akihiko KAwWANAY

U National Defense Medical College, Division of Infectious Diseases and Pulimonary Medicine, Department of Internal
Medicine, ® Research Institute National Center for Global Health and Medicine, Departiment of Infectious Diseases

Abstract

At the time of the 2009 influenza pandemic, the pathogenicity in the early stage was indefinite,
but individual medical facilities took infection control measures according to guidance from central
government. Here the infection control measures adopted by these medical facilities during the
pandemic period are evaluated. Referring to the interim guidance from the centers for disease con-
trol and prevention on infection control measures for the 2009 HIN1 influenza in healthcare set-
tings, we created and distributed a questionnaire on infection control to 25 medical facilities belong-
ing to the Research Group of Emerging and Re-emerging Infectious Diseases (H22-SHINKO-
IPPAN-003). Almost all (88%) of the 17 responding medical facilities, with an average number of
hospital beds of 610 (range 0~1300), took measures against influenza by establishing special units,
sharing information, and performing influenza surveillance. Measures such as setting up triage
areas to separate influenza patients (82%) and making influenza patients wear facemasks (94%)
were also generally taken, but the period of implementation differed in each facility. Differences
were also apparent in the implementation period and the content of personal protective equipment
measures, but the wearing of facemasks was consistently adopted. In general, strict infection con-
trol measures were taken in the early stage of the pandemic, and as the pathogenicity was clarified,
these measures were revised to those implemented for seasonal influenza, especially after the facili-
ty had actually encountered influenza cases. The validity and efficacy of infection control measures
for pandemics as well as information sharing procedures should be evaluated to provide better cen-
tral guidance to facilities nationwide in the future.

Key words : Influenza :H1N1} 2009, infection control, infection control committee, personal pro-
tective eguipment
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Trial to control an outbreak of
Panton-Valentine leukocidin—positive
methicillin-resistant Staphylococcus
aureus at a boarding school in Japan

Masaaki Higashiyama, MD,? Teruyo Ito, PhD,” Xiao Han, PhD,” Junichiro Nishiyama, MD, PhD,® Akemi Tanno, MT,°
Toshiko Wada, Youichi Funaoka, MT, Yusuke Yoshida, MD,® Kei Mikita, MD,? Tomomichi Ogawa, MD,°

Yasushi Okusa, MD, PhD,° Koki Kaku, MD, PhD,f Junichi Hatada, MD, PhD,® Keiichi Hiramatsu, MD, PhD,?

and Akihiko Kawana, MD, PhD?

Saitama, Tokyo, and Kanagawa, Japan

Background: Our retrospective investigation of methicillin-resistant Staphylococcus aureus (MRSA) infection at a hospital in Japan
around 2007 suggested dissemination of community-associated MRSA (CA-MRSA) strains among healthy students in a Japanese
boarding school, which frequently caused skin disease and exhibited the same antibiogram patterns.

Methods: Active surveillance of skin diseases for 6 months after May 2008, examination of MRSA carriage in selected high-risk
groups, and investigation of their life circumstances, including environmental cultures, were conducted in the school. Further-
more, we strengthened hygiene practices and improved recognized risk factors from November 2008 and observed the occurrence
of skin diseases and MRSA carriage rate for the evaluation of infection controls.

Results: We identified 21 patients with skin diseases in whom MRSA strains were isolated. MRSA colonization rates in 3 selected
groups ranged from 7.6% to 36.6%. The rates of both skin disease and MRSA carriage decreased significantly after infection con-
trols were introduced. Genetic analysis revealed a main dissemination of a PVL-positive SCCmec IVc clone (41/47 isolates in total),
presenting as a different pulsed-field type than USA300.

Conclusion: This first report of a PVL-positive CA-MRSA outbreak in Japan demonstrates systematic management of dissemination

by conducting surveillance in a closed community.

Key Words: Closed community; surveillance; outbreak; skin and soft tissue infection; colonization.
Copyright © 2011 by the Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All rights

reserved. (Am J Infect Control 2011,39:858-65.)

From the Department of Internal Medicine, National Defense Medical
College, Saitama, Japan Department of Bacteriology, Juntendo Univer-
sity, Tokyo,japan Dlvmon of Medlcme, Japan Self Defense Forces Hos-
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n? Department of Pedxat-f

Methicillin-resistant Staphylococcus aureus (MRSA) has
emerged as a cause of infection in community settings,
known as community-associated MRSA (CA-MRSA). CA-
MRSA can cause severe and even life-threatening infec-
tions even in otherwise healthy patients, with virulence
frequently depending on the carriage of Panton-Valentine
leukocidin (PVL).! Many community outbreaks caused by
these virulent strains have been reported in the United
States.*> They are classified mainly as the USA300 strain,*
sporadic infections of which were also recently detected
in Japanese communities.>® However, most prevailing
CA-MRSA strains in Japan do not carry PVL genes,”® and
no outbreak in Japanese community settings has been re-
ported to date.

This retrospective investigation, conducted at one of
our affiliated hospitals in Japan between October 2006
and April 2008, identified 17 young male patients with
skin and soft tissue infection (SSTI) caused by MRSA,
presenting with almost the same antibiogram: resistant
to oxacillin (OXA) and some cephems but susceptible to
imipenemi/cilastatin (IPM/CS), gentamicin (GM), clindamy-
cin (CLDM), minocyclin (MINO), levofloxacin (LVFX) and

- 145 -



wwW.gjicjournal.org
Vol. 39 No. 10

varcomycin (VCM). All patients were otherwise healthy
students attending the same boarding high school. These
successive MRSA occurrences implied an ongoing out-
break of CA-MRSA strains with some virulent factors.
The present study aimed to clarify the dissemination of
CA-MRSA by a survey of the school, including MRSA car-
riage examinations; investigate the genotypic charac-
teristics of isolated MRSA strains; and control MRSA
prevalence in a closed school community.

MATERIALS AND METHODS
Population characteristics

We surveyed a 3-year boarding high school in Japan,
attended by approximately 700 healthy students aged
15-19 years and staffed by approximately 300 teachers
and other staff members. The students live and work
closely together, and sometimes experience skin abra-
sions from participating in regular training and sports
clubs, such as rugby, martial arts, and baseball. Stu-
dents or staff who become ill usually visit a clinic
within the school. But because the clinic does not pro-
vide detailed examinations (eg, cultures of pus dis-
charge), patients with serious clinical symptoms are
usually transferred to one of our affiliated hospitals
near the school.

Active surveillance and clinical definition of
CA-MRSA

‘In our hospital’s outpatient clinic, we conducted ac-
tive surveillance of SSTI cases, including cellulitis and
subcutaneous abscess, from the school between May
and October 2008. We obtained samples from SSTI le-
sions regardless of clinical severity, to detect causal
agents. Samples were incubated using capenic cultiva-
tion with the candle jar method on a Trypticase Soy
Agar Il with 5% sheep’s blood (TSAII) plate, a Chocolate
Il agar plate, or aerobically on a modified Drigalski agar
plate (all from Nippon BD, Tokyo, Japan) for 24-48
hours at 37°C. The susceptibility of isolated S aureus
was examined using a Micro Scan autoSCAN-4 system
(Siemens Healthcare Diagnostics, Tokyo, Japan) in ac-
cordance with guidelines of the Clinical and Laboratory
Standards Institute.® The following antibiotics were
tested: OXA, penicillin G, ampicillin, cefazolin (CEZ),
cefozoplan, cefdinir, IPM/CS, meropenem, amikacin
(AMK), arbekacin, GM, erythromycin, clarithromycin,
azithromycin, CLDM, MINO, LVFX, sulfamethoxazole/
trimethoprim, VCM, teicoplanin, and linezolid. We di-
agnosed the isolated agents as CA-MRSA if they were
S aureus-resistant to oxacillin and cultured from pa-
tients within 48 hours of consultation with no history
of recent hospitalization.

Higashiyama et al. 859

Examination of nasal and pharyngeal
colonization in 3 high-risk groups

We performed carriage examinations in 3 selected
groups. Group 1 (performed in May 2008) included 11
of 17 students with SSTIs caused by MRSA between
October 2006 and April 2008 (6 had already graduated).
Group 2 (performed between July and September 2008)
comprised 35 students from the rugby club, 32 from
the judo club, and 12 from the kendo club (n = 79)
who were considered high-risk subjects because group
1 included some members belonging to these clubs.
Group 3 comprised 41 freshmen with a previous his-
tory of suspected staphylococcal infections (including
suppurative wound, skin abscess, cellulitis, infected ec-
zema, hordeolum, conjunctivitis, and infected ather-
oma) between April (at entry) and November 2008,
who were selected based on school clinical records
and examined twice, in January 2009 and January
2010. In all 3 groups, samples were obtained from
both the nares and pharynx using a sterile dry cotton
swab and cultured to detect S aureus on TSA II plates
as described earlier. Colonization of S aureus was
judged to be positive when isolated from at least one
sample from either the nares or pharynx.

Investigation of life circumstances and
environmental cultures

We investigated the students’ life circumstances by
evaluating their life at the boarding school, especially
regarding their participation in sports clubs and their
dormitory rooms and hygiene practices. We also ob-
tained environmental cultures of 50 frequent contact
points, including sports equipment, gym floors, items
in bathrooms, and toilet seats. We also examined oint-
ment tubes repeatedly used in the clinic.

Changes over time in students with SSTIs

SSTI patients who visited the clinic and were subse-
quently hospitalized were investigated during 2 periods,
January 2007 to November 2008 and November 2008
(when infection control commenced) to June 2010.

Molecular typing

Detection of the mecA gene, PVL genes, and the arcA
gene in arginine catabolic mobile element (ACME), and
typing of staphylococcal cassette chromosome mec
(SCCmec) elements and spa (staphylococcal protein A
gene) were carried out as described previously.”-%'°

Multilocus sequence typing

The multilocus sequence typing of MRSA strains rep-
resenting each pulsotype was determined as described
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previously,” and standard nomenclature was applied
(hetp:/lwww.mlst.net).

Pulsed-field gel electrophoresis

Chromosomal DNA of the MRSA strains was digested
with Smal and separated by pulsed-field gel electro-
phoresis (PFGE) as reported previously.” USA300-0114
and USA500, kindly provided by Fred C. Tenover (Cen-
ters for Disease Control and Prevention; currently at
Cephied, Sunnyvale, CA), were used as references.

Statistical analysis

In the carriage examination of group 3, data were
analyzed using the paired t test. For the evaluation of
SSTI occurrences, data were analyzed using the Student
t test. All results are expressed as mean * standard er-
ror. A significant difference was defined as P < .05.

The study was designed to conform to the Helsinki
Declaration, and it was approved by the hospital’s Eth-
ics Committee.

RESULTS

Active surveillance and clinical features of SSTI
patients at the boarding school

During active surveillance of the school between
May and October 2008, we identified 21 individuals
with an SSTI (all males, with no past history of recent
hospitalization), including 19 students, 1 teacher (case
8), and 1 other staff member (case 16). MRSA strains
were isolated from all 21 individuals. The incidence of
MRSA causing SSTIs was calculated as 32.4 per 1,000
outpatients during the period (21 MRSA cases per 649
outpatients from the school) and was considered an
outbreak. The incidence of MRSA infections in commu-
nities surrounding our hospital was 0.36 per 1,000 out-
patients during the same period. Table 1 summarizes
the clinical features of 21 cases. Many cases occurred
in the hot, humid season of July and August. Thirteen
cases presented with fever. Many cases had abnormal
laboratory findings. Incision and drainage was per-
formed in 18 cases. The average duration of therapy
10 = 0.84 days (range, 5-12 days). Fifteen patients
were hospitalized. An alternative antibiotic was used
in 5 cases because of resistance to the first antibiotic
administered. Case 5 was rehospitalized 4 days after
discharge because of relapse, and debridement was per-
formed. Cases 7, 9, and 19 developed SSTI a few days af-
ter scratching insect bites. Figure 1A shows cellulitis on
the left sole of case 1, who belonged to the kendo club
and suffered from periodic skin abrasions on the soles
of his feet. He had the same lesion in October 2006
when MRSA was already isolated. Figure 1B shows an
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abscess on the right buttock of case 6. Cases 2 and 15
also had buttocks abscesses. Figure 1C is a computed to-
mography image of a perineal abscess in case 21, who
experienced itching in the pubic region, which later be-
came swollen, red, and painful with abscess formation.

Genotypic characterizations of CA-MRSA strains
isolated from patients with SSTI

We analyzed 18 CA-MRSA strains isolated from 18
of 21 cases (strains of cases 2, 5, and 18 were not pre-
served due to technical problems). All 18 strains were
identical PVL-positive SCCmec IVc clones with identi-
cal PFGE banding patterns (lane A-1 in Figure 1D),
which belonged to the multilocus sequence type (ST)
8, spa type 8, and coagulase type IIl. The PEGE band-
ing patterns of our isolates differed from those of ST8
strains USA300 and USA500 isolated from the United
States (lanes 1 and 2 in Figure 1D, respectively). Car-
riage of the arcA gene in ACME, which enhances viru-
lence and fitness and is frequently identified in
USA300 clones,” was negative. The isolated strains
were resistant to OXA, penicillin G, ampicillin, and
cefdinir and susceptible to CEZ, cefozoplan, IPMI/CS,
meropenem, AMK, arbekacin, GM, erythromycin, clar-
ithromycin, azithromycin, CLDM, MINO, LVFX, sulfa-
methoxazole/trimethoprim, VCM, teicoplanin, and
linezolid.

Carriage examinations in groups 1 and 2

Positive rates of MRSA carriage were 18.2 % ingroup 1
and 7.6% in group 2, and methicillin-sensitive S
aureus (MSSA) carriage rates were 63.6% in group
1 and 29.1% in group 2. All MRSA isolates were PVL-
positive SCCmec IVc strains with the same PFGE banding
patterns as shown in lane A-1 in Figure 1D. In group
2, there were 3 MRSA carriages in both the rugby
club and judo club (positive rate of 8.6% and 9.4%,
respectively), but no carriage in the kendo club. Thus,
attendance of frequent-contact sports clubs was consid-
ered a possible risk factor for MRSA infection in the
school.

Primary and secondary carriage examination in
group 3

Table 2 compares the first and second carriage ex-
aminations in group 3. In 2009, there were 12 PVL-
positive SCCmec IVc MRSA carriers (29.3%) and
3 PVL-negative MRSA carriers (7.3%), for a total of
15 MRSA carriers (36.6%) among 41 students. Of the
12 PVL-positive MRSA isolates, 11 had identical PFGE
banding patterns to those isolated during the active
surveillance period (lane A-1 in Figure 1D), and
1 showed an almost identical banding pattern with
the exception of one band (lane A-2 in Figure 1D,
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Table I. Clinical features of 2| SSTI patients between May and October 2008

Laboratory values

Antibiotics

Patient/age, Incision and  Duration of  Admission, Sports
years SSTilsite Month BT,°C WBC, pL. CRP, mg/dL drainage therapy, days days First Second club
117 Cellulitis/left sole May 37.1 9,520 0.42 + 10 - CCL - Kendo
2/17 Abscess/left hip May 369 9,050 0.37 + 8 7 PIPC - Tennis
3/18 Cellulitis/left thigh May 385 10,120 3.69 - 10 5 PIPC LVEX Tennis
4/16 Cellulitis/left sole May 373 5,580 1.35 + ] 6 PIPC LVFX Kendo
5/17 Cellulitis/left sole June 383 11,940 4.01 + 13 9 CEZ LVEX  Judo
(relapse) June 36.8 7,800 1.88 Debridement 18 18 CLDM + LVFX -
6/17 Abscess/right hip June 38.1 9,030 2.94 + 20 9 CLDM - Tennis
77 Cellulitis/right arm July 378 12,680 6.05 + 12 10 CLDM - ND
8/38 Abscess/right axilla July 374 9,070 236 + b 7 CLDM - Soccer (coach)
917 Cellulitis/left thigh July 36.8 9,050 3.18 + 10 6 CLDM - Archery
10/16 Abscess/right elbow July 36.6 ND ND + 5 - CCL - Ping pong
11/15 Cellulitis/lower thigh July 373 11,210 301 - 9 5 CLDM - Baseball
12117 Cellulitis/right sole August 37.1 ND ND + 5 - CFPN-PI - ND
13/16 Cellulitis/left thigh August 36.9 9,660 752 + 13 4 CLDM - ND
14/17 Abscess/mandible August ND ND ND + 3 - CFPN-PI - ND
15/16 Abscess/left hip August ND ND ND + 5 - CFPN-PI - Handball
16/40 Abscess/abdominal wall August ND ND ND + 5 - CFPN-PI - -
17/16 Abscess/left middle finger  August 36.0 6,100 0.78 + 17 12 PIPC MINO Canoe
18/16 Abscess/right index finger  September 374 9,260 1.98 + 8 5 LVFX - Wrestling
19117 Abscess/left knee September 379 7,970 2.08 + 10 7 CEZ - Gymnastics
20/15 Abscess/right knee September 39.1 14,160 2.37 - 9 6 CLDM - Rugby
21716 Abscess/pubic region October 38.9 11,820 6.88 + 14 8 CEZ CLDM  Tennis

BT, body temperature; CCL, cefaclole; CEZ, cefazolin; CFPN-PI, cefcapene pivoxil; CLDM, clindamycin; CRP. C-reactive protein (normal range, <0.3 mg/dL); LVFX, levofloxacin; MINO, minocycline; ND, no data; PIPC, piperacillin; WBC,
white blood cell (normal range, 4,000-8,000/p.L).
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Fig I.

Representative lesional findings of SSTls caused by MRSA strains (A-C) and PFGE patterns of Smal-digested

DNA from MRSA isolates in the school (D). (A) Cellulitis on the left sole in case |, who belongs to a kendo club and
sometimes suffers from skin abrasions on the soles of his feet. (B) Abscess (arrow) on the right buttock in case 6.
Similar lesions were also observed in cases 2 and 5. (C) Computed tomography image of perineal abscess (arrow) in
case 2|, who experienced itching in the pubic region, which later became swollen, red, and painful. Incision and drainage
was performed, and a large volume of abscess fluid was released. (D) Lane I, USA300-01 [4. Lane 2, USA500. Lane A-1,
predominant PVL-positive SCCmec IVc MRSA strains isolated from SSTI cases and carriage examinations. Lane A-2,
isolated from one student on primary examination with similar banding patterns to lane A-1. Lane B, PVL-negative
SCCmec V strains isolated from 2 students on primary examination, absent on secondary examination. Lane C,
PVL-negatlve SCCmec IV strains isolated from | student on primary examination and 3 students on secondary

examination. MWM, molecular weight marker.

Table 2. Results of the first and second examinations in group 3

Second exam, January 2010, n (%) [SSTI cases in 2009]*

First exam, January 2009 PVL-positive PVL-negative

41 cases examined MRSA MRSA MSSA No S aureus
PVL-positive MRSA, 12 cases 1(83) 1 (8.3)[1] 4(33.3) [1] 6 (50) [2]
PVL-negative MRSA, 3 cases 0 0 2 (66.7) 1 (33.3) [1]
MSSA, 5 cases 1 (20) 0 3 (60) 1(20) [1]
No S aureus, 21 cases 0 2 (9.5) 7 (33.3) 12 (57.1) [3]

*SSTI cases between the first and second examinations.

SCCmec IVc, ST8, spa type 1767, coagulase type III).
The 3 PVL-negative MRSA isolates consisted of 2
SCCmec V strains (lane B in Figure 1D; ST1715, spa
type 127, coagulase type VII, with susceptibility

differing from lane A-1 only in GM resistance), and
1 SCCmec 1V strain (lane C in Figure 1D; ST8, spa
type 5071, coagulase type III, with susceptibility dif-
fering from lane A-1 in intermediate susceptibility to
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Fig 2. Chronological changes in the number of SSTI cases between January 2007 and June 2010, including cases with
proven and nonproven causal agents. The black bar indicates the students who visited only the clinic for treatment of
SSTI in each 3-month period. The white bar indicates the students hospitalized due to SSTI in each 3-month period.
After combined measurements for infection control were implemented in November 2008, the number of those who
visited only the clinic with an SSTI decreased significantly, from 2.70 = 0.38/month to |.11 = 0.30/month (P =.001).
The number of those hospitalized also decreased significantly, from 1.21 = 0.27/month to 0.53 = 0.22/month (P =.03).

The total rate of SSTI cases decreased significantly, from 3.91 = 0.51/month to 1.63 * 0.37/month (P <.001),

AMK). At the follow-up examination in 2010, only 5
MRSA carriers were detected. Two of these carried
the same strains as lane A-1, and 3 carried the same
strains as lane C. Carriage of all MRSA strains was sig-
nificantly reduced, from 36.6% to 12.2%, over the
course of 1 year (P = .005). Nine of the 41 students
received antibiotic therapy for SSTI during 2009. Fo-
cusing on the 32 SSTI-free students, the number of
MRSA carriers was spontaneously and significantly re-
duced from 10 (31.3%) to 4 (12.5%) over the course of
1 year under strengthened infection control measure-
ments (P = .04).

Environmental cultures in the school

Among the 50 contact points, one PVL-positive
MRSA strain isolated from a toilet seat exhibited identi-
cal PFGE banding patterns to lane A-1 in Figure 1D.
MSSA strains were also isolated from tatami mats in
the judo facility, mats from the wrestling club, and a
strength-training machine. All ointment tubes in the
clinic were free of S aureus.

Overall genotypic character of MRSA isolates in
the school

In a series of surveys, we isolated and examined a
total of 47 MRSA strains, 41 of which were PVL-
positive SCCmec IVc strains of the same pulsed-field
type(87.2%), including 18 from SSTI cases, 22 from car-
riage examinations, and 1 from a toilet seat. The 6 PVL-
negative isolates included 4 SCCmec IV clones and 2
SCCmec V clones, isolated from carriage examinations.

suggesting that the horizontal infection was suppressed.

Changes in SSTI cases before and after infection
control

Figure 2 shows the occurrence of SSTI cases. After
nurses and staff implemented systematic management
of infection control in November 2008, the rate of
clinic visitation in individuals with an SSTI decreased
significantly, from 2.70 * 0.38/month to 1.11 * 0.30/
month (P = .001). The rate of hospitalization also
decreased significantly, from 1.21 * 0.27/month to
0.53 *= 0.22/month (P = .03), as did the total number
of SSTI cases, from 391 %= 0.51/month to 1.63 =+
0.37/month (P < .001).

DISCUSSION

We report an outbreak of a PVL-positive MRSA clone
in a boarding school and a prospective follow-up study
aimed at reducing the prevalence. Our original hypoth-
esis, based on retrospective investigation of MRSA strain
antibiograms, suggested dissemination of the same CA-
MRSA strains. Active surveillance and examination of
MRSA carriage in the school proved this dissemination.
Systematic measures were then implemented to sup-
press the outbreak. This is a first report of systematic
management of a CA-MRSA outbreak in a closed com-
munity setting in Japan.

During the 6-month active surveillance period, the in-
cidence of MRSA infection increased up to 32.4 per
1,000 visits, approximately 5.5 times higher than the re-
ported incidence of 5.9 per 1,000 visits in 2005 in the
United States in 2005,"" where PVL-positive CA-MRSA
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is much more prevalent compared with Japan. Surpris-
ingly, all MRSA strains isolated from SSTI cases were
the same single PVL-positive clone suspected to be hot-
izontally transmitted, despite the other PVL-negative
strains detected in carriage examinations. Some risk fac-
tors for CA-MRSA infection have been identified,’ and
our investigation identified similar risk factors in the
school, including skin damage, frequent-contact sports,
inadequate hygiene, sharing of equipment or clothing,
scratching insect bites, hot and humid weather, and
crowded dormitory rooms containing 6-10 students.
Furthermore, the isolation of MRSA from a school toilet
seat suggests the possibility of indirect transmission
from an infected perineum or buttocks (as shown in
Figure 1B and C), and underscores the importance of
covering these skin lesions appropriately and the need
for regular cleaning of frequent-contact points in resi-
dential situations.

Based on these recognized risk factors, we edu-
cated all students about SSTIs and hygiene practices,
installed alcohol-based handrub dispensers, and at-
tempted to improve their life circumstances. Nurses
and staff periodically remind students about improv-
ing hygiene practices. In the school clinic, although
adequate cleansing of wounds is a primary therapy
and systemic antibiotic administration is not always
necessary when lesions are localized, MINO (available
and effective medicine in the school clinic) is admin-
istered to treat SSTI as the first-line drug, when re-
quired. Furthermore, in the hospital, we perform
cohorting for school inpatients to reduce the risk
of MRSA transmission to other inpatients; thus far,
no horizontal transmission between inpatients has
occurred.

Nasal colonization of S aureus, especially MRSA,
is considered a risk factor for subsequent infectious
diseases.'? In our investigation, some groups had very
high carriage rates, which was regarded as a critical fac-
tor for the outbreak. Although intranasal mupirocin re-
portedly has been effective in some situations,'” we did
not administer topical mupirocin for infection control
based on a previous,'* and most MRSA carriers became
MSSA carriers or non-S aureus carriers over the course
of 1 year with combined infection controls throughout
the school. This phenomenon of a natural decrease of
MRSA carriers, as observed previously,'* suggests that
colonized strains of S aureus change more rapidly and
dynamically than expected, and that a series of
strengthened infection controls might have some im-
pact on the ecological niche.

In Japan, previous studies have reported prevalence
of several MRSA strains in communities, but most of
these do not carry PVL genes.”® The few PVL-positive
MRSA isolates mostly belong to ST30 with SCCmec V.
In the United States, MRSA strains have been classified

American Journal of Infection Control
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into several lineages according to PFGE banding pat-
terns.* Among them, USA300 and USA500 strains be-
long to ST8,* and USA300 is beginning to spread
across Japan.>®'® Pulsed-field types of our PVL-
positive ST8 strains differed from these strains, how-
ever. Considering that nearly all recently reported
MRSA outbreaks in the United States have involved
USA300,>® our isolates might be distinct Japanese
strains with equivalent virulence potential to the
USA300 strains, although ACME was negative.

In this study, we identified the main dissemination
of a PVL-positive SCCmec IVc clone in a boarding
school by active surveillance and carriage examination.
Nurses and staff in the school worked well together to
strengthen infection control for SSTI prevention, lead-
ing to successful suppression of CA-MRSA dissemina-
tion. In the future, the spread of virulent CA-MRSA
strains is highly possible even in Japan, in which case
our study findings will surely contribute to their
suppression.

We thank teachers and other staff members of the boarding school for their cooper-
ation and are grateful to the managers for allowing us to publish this study.
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Abstract We report a case of epidural abscess caused by
community-associated methicillin-resistant Staphylococcus
aureus (CA-MRSA) strain USA300 in a previously healthy
25-year-old American woman who lived in Japan for more
than 1 year. She started to complain of severe headache
that continued for about 10 days after improvement of
subcutaneous abscesses caused by MRSA. Computed
tomography (CT) and magnetic resonance imaging (MRI)
showed epidural abscess. As epidural abscess was not
improved by treatment with vancomycin and ceftriaxone,
craniotomy and drainage were performed, and the severe
headache disappeared. Characteristics of the MRSA strain
isolated from the abscess were identical to those of strain
USA300; multilocus sequence typing sequence type 8,
staphylococcal cassette chromosome mec type IVa,
Panton—Valentine leukocidin positive, arginine catabolic
mobile element positive, and pulsed-field gel electropho-
resis type USA300. This may be the first report of epidural
abscess caused by USA300 strain in Japan. Because
CA-MRSA strains, including USA300, have begun to
spread in Japan, epidural abscess should be taken into
account in the diagnosis of previously healthy patients with
persistent headache accompanied by skin lesions.
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Introduction

Although methicillin-resistant  Staphylococcus —aureus
(MRSA) strains have been considered to be typical noso-
comial pathogens, they have emerged as causes of infec-
tions in the community setting. These strains, which are
known as community-associated MRSA (CA-MRSA)
strains, are mostly isolated from patients with skin and soft-
tissue infections [1], respiratory tract infections, and uri-
nary tract infections. In some cases, CA-MRSA can cause
severe and life-threatening infections, such as necrotizing
fasciitis [2] and severe sepsis [3]. CA-MRSA strains
emerged in the 1980s and began spreading globally in the
late 1990s.

Recently developed molecular typing techniques have
allowed us to differentiate  MRSA strains among
CA-MRSA strains or to differentiate CA-MRSA strains
from health-care-associated MRSA (HA-MRSA) strains
[4]. By determining chromosome types, e.g., via pulsed-
field gel electrophoresis (PFGE), multilocus sequence
typing (MLST), spa typing, typing based on the variety of
tandem repeat region of protein A, and the types of
staphylococcal cassette chromosome mec (SCCmec) ele-
ments, MRSA strains can be defined [5].

It was found that characteristic CA-MRSA strains were
prevalent in each country. In the United States, where the
spread of CA-MRSA strains has become a serious concern
as a community pathogen, outbreaks are observed in
groups prone to frequent contact, such as jailed prisoners,
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members of the armed forces, and sports players [6-8].
Furthermore, it has also become the predominant isolate in
some hospitals and health-care settings [9, 10]. In partic-
ular, two CA-MRSA strains, known as PFGE types
USA300 and USA400, have been predominant in the USA
[11]. Both strains are Panton—Valentine leukocidin (PVL)
positive [12] and carry type IV SCCmec, whereas the
former has spread widely throughout the USA, both in the
community and in hospitals. USA300 isolates have since
been recognized in many countries, including Denmark
[13], Australia [14], and Japan [15].

In Japan, the characteristics of CA-MRSA strains are
distinct from those in other countries. Most isolates are
PVL negative, whereas only some MRSA strains belonging
to ST30 are PVL positive. To date, only one case of
USA300 infection [15] has been reported. Here, we report
a case of epidural abscess caused by USA300 in Japan with
the intention of warning Japanese clinicians of possible
CA-MRSA spread.

Case report

The patient was a 25-year-old Caucasian woman who came
to Japan from the USA more than 1 year earlier with her
husband, who works for the US Navy. In early June 2008,
she developed small subcutaneous abscesses on the abdo-
men and posterior side of the right thigh, without traumatic
injury, from which MRSA strains were isolated at the
American Navy Hospital Yokosuka. After improvement of
the lesions by drainage, she started to complain of left-
sided parietal headache persisting for about 10 days and
visited the hospital emergency room (ER) on 26 June 2008.
Plain head computed tomography (CT) was performed, but
no intracranial lesions were noted, and she was prescribed
Tegretol for neuralgic pain. However, her headache pro-
gressed in severity, with severe photophobia and clinical
findings of papilledema, leading to emergent admission on
30 June. At that time, plain head CT revealed focal left
parietal region soft-tissue swelling and left posterior extra-
axial fluid collection without remarkable mass effect.
Lumbar puncture was performed with a closing pressure of
34 cmH,0. Initial cerebral spinal fluid (CSF) evaluation
showed elevated CSF protein (87 mg/dl) with CSF glucose
of 62 mg/dl. Cell count and culture of CSF were not per-
formed. The patient demonstrated elevated systemic white
blood cell (WBC) count (13,200/pl, neutrophils 89.8%),
increased erythrocyte sedimentation rate (ESR 68 mm/h),
and progressive neck stiffness. Magnetic resonance imag-
ing (MRI) demonstrated epidural fluid collection with
associated mass effect and reactive change. The causal
agent was found to be MRSA by culture of blood and
exudate from the left parietal region. The results of
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susceptibility testing by the disk diffusion method showed
that the strain was susceptible to clindamycin (CLDM),
gentamicin (GM), arbekacin (ABK), tetracycline (TC),
trimethoprim/sulfamethoxazole, and vancomycin (VCM)
and was resistant to oxacillin (OXA), penicillin, levoflox-
acin (LVFX), ciprofloxacin (CPFX), clarithromycin
(CAM), and erythromycin (EM).

Antibiotic therapy with VCM and ceftriaxone was ini-
tiated, and she was transferred to our hospital (Japan Self-
Defense Forces Hospital Yokosuka) on 2 July. Physical
examination revealed the following: slight drowsiness but
no disorientation, body temperature 37.0°C, heart rate
76 beats/min, blood pressure 126/81 mmHg, and menin-
geal signs of neck stiffness. Exudate discharge continued
from the left parietal region. Small infiltrating skin lesions,
partly crusted and partly purulent, were present on the
abdomen and posterior side of the right thigh. Further MRI
with gadolinium enhancement showed enhanced left pos-
terior dura mater and epidural abscess (Fig. la, b). Echo-
cardiogram revealed no valvular vegetation. Headache was
controlled with morphine. Despite 1-week administration
of antibiotics, abscess findings did not improve on MRIL
We performed craniotomy and washed out the epidural
abscess on 10 July. Collection of exudate was noted on the
dura mater (Fig. 2), with no signs of infection or bone
fracture and no continuity between epidural abscess and
parietal soft-skin region. Epidural abscess was cultured,
and MRSA, which had the same sensitivity to antibiotics as
the previously isolated species, was again confirmed. After
surgical treatment, her headache was fully alleviated and
MRI showed no epidural abscess; WBC count normalized.
She was transferred back to the former hospital on 18 July
for sustained observation and was discharged with good
clinical course a few days later.

Molecular characterization of two MRSA isolates from
the epidural abscess and exudate discharge of the left
parietal region was performed. MLST, spa typing, coagu-
lase typing, and SCCmec typing were performed as
described previously [16-18]. The presence of PVL genes
and arginine catabolic mobile element (ACME) were
confirmed by the presence of [ukS-PV and lukF-PV and the
arcA gene on polymerase chain reaction (PCR). PFGE was
carried out as described previously [11] using the restric-
tion enzyme Smal and USA300-0114, kindly provided by
Fred. C. Tenover, as a reference. A lambda ladder (Bio-
Rad Laboratories, Tokyo, Japan) was used as the molecular
size standard. The minimal-inhibitory concentrations
(MICs) of isolated strains against 17 antimicrobial agents
were determined by the agar dilution method, as recom-
mended by the Clinical and Laboratory Standards Institute
[19]. The antibiotics tested were as follows: OXA, cefaz-
olin (CEZ), CAM, EM, TC, minocycline (MINO), LVFX,
CPFX, imipenem (IPM), GM, trimethoprim, CLDM,
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Fig. 1 T1-weighted magnetic resonance image (MRI) with gadolin-
ium enhancement showing enhanced left posterior dura mater and
epidural abscess. Arrows indicate epidural abscess (a sagittal view,
b axial view)

Fig. 2 Bone was removed and abscess was confirmed on dura mater
(arrows)
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USA300-0114 3

Fig. 3 Pulsed-field gel electrophoresis (PFGE) analysis of methicil-
lin-resistant Staphylococcus aureus (MRSA) isolated from a 25-year-
old American woman (lane 2), in comparison with USA300-0114
strain (lane 3). Lane 2 presented the same banding patterns as lane 3,
except for two bands (arrows)

VCM, teicoplanin (TEIC), linezolid (LZD), ABK, and
mupirocin (MUP). Furthermore, PCR testing was per-
formed to identify genes conferring beta-lactamase activity
(blaZ), tetracycline resistance (fetK), macrolide resistance
(ermA, ermB, ermC and msrA), and mupirocin resistance
(ileS) [20-22].

The data showed that the two isolates had characteristics
identical to the USA300 strain: ST8, spa type 8, coagulase
type III, SCCmec IVa, ACME positive and PVL positive.
Although Smal-digested banding patterns on PFGE were
not exactly identical to those of USA300-0114 (lanes 2 and
3 in Fig. 3, respectively), differences are seen only in two
bands (arrows in Fig. 3). The results of susceptibility
testing with the agar dilution method were the same as
those of the disk diffusion test. The strains were resistant to
OXA, CAM, EM, LVFX, and CPFX, with MIC values of
16, 64, 64, 4, and 8 pg/ml, and were susceptible to other
tested antibiotics, with MIC values indicated in parenthe-
sis: CEZ (8), TC (0.5), MINO (0.125), IPM (1), GM (0.5),
trimethoprim (1), CLDM (0.25), VCM (1), TEIC (1), LZD
(4), ABK (1), and MUP (0.25); blaZ and msrA, which are
present on the plasmid in USA300-0114, were confirmed,
and no other genes, et K, ermA, ermB, ermC, or ileS, were
detected.

Discussion

In this case, we isolated a PVL- and ACME-positive
CA-MRSA strain that presented almost identical banding
patterns as those of USA300-0114 on PFGE. USA300
pulsed-field type (PFT) strain includes several isolates
presenting similar banding patterns [23]. USA300-0114 is
usually used as a reference in PFGE to compare for simi-
larities with suspected USA300. Our isolates presented the
same banding patterns with one of several strains included
in USA300 PFT [23]. Furthermore, the antimicrobial sus-
ceptibility characteristics and the resistance genes were
identical to those of USA300-0114 isolates clarified in
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