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Summary. Methicillin-resistant Staphylococcus aur-
eus (MRSA) infection in neonatal intensive care units
(NICUs) has become a serious problem in Japan. MRSA
nosocomial transmissions occurring in an NICU during
2001 and 2002 were investigated by pulsed-field gel
electrophoresis and PCR. MRSA from a nosocomial
transmission with incidences of neonatal toxic shock
syndrome-like exanthematous disease (NTED) produced
type II coagulase and possessed multiple superantigenic
toxin genes for toxic shock syndrome toxin (TSST)-1,
staphylococcal enterotoxin (SE) C, SEG, and SEI
MRSA from a nosocomial transmission with incidences
of staphylococcal scalded skin syndrome (SSSS) was
clonally distinct from the NTED-associated MRSA,
produced type I coagulase, and possessed only the ex-
foliative toxin B gene (no previous superantigenic toxin
genes were detected).
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) is
a major agent in nosocomial infections. It produces a
number of exotoxins, such as superantigenic toxins

(e.g., toxic shock syndrome toxin-1 [TSST-1] and
staphylococcal enterotoxins [SEs]) and exfoliative
toxin®. TSST-1 is the major causative toxin of toxic
shock syndrome (TSS), which is a life-threatening
staphylococcal infection” and neonatal TSS-like
exanthematous disease (NTED)?. Exfoliative toxin is
the causative toxin of staphylococcal scalded skin
syndrome (SSSS) which in many cases, is seen in
infants and children®. MRSA infection in a neonatal
intensive care unit (NICU) has been increasingly
noted in Japan. However, the coagulase type and
toxin type of MRSA have not been reported with
MRSA in NICUs. In this study, we investigated
MRSA nosocomial transmissions in an NICU at the
molecular DNA level.

METHODS
Screening for MRSA infection in the NICU

Nasal mucosal swabs or sputum aspirates from new-
borns were examined for MRSA by cultivation in
routine practice to monitor MRSA infection. Intuba-
tion was administered to infants who required respi-
ratory assistance, and the tubes were subjected to
MRSA test after extubation.
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Fig. 1. Exanthema spreading over the body of an infant infected with MRSA (A) and the
mechanism (hypothesis) of NTED development in infants via a staphylococcal superantigen
(B). In (B), the model was constructed based on data from references 7) and 9).

Nosocomial transmission - Case 1

MRSA infection occurred in seven infants (aged 5-30
days old) in an NICU in Niigata in 2001. Among the
infants, five (aged 6-30 days old) developed no symp-
toms and MRSA was isolated from the nasal mucosa.
Two infected infants developed symptoms. One
infant (female) was delivered by cesarean section
(day 1). Her platelet count was 222x10°//. Fever
developed on day 2 (38-38.6°C) and the platelet count
decreased to 112x10°// on day 3. The peak CRP was
7.5 mg/ /. Fever persisted on day 4 (38-38.8°C), exanth-
ema appeared on the skin, and umbilical blennorr-
hoea was observed. On day 5, exanthema spread over
the body (Fig. 1A), the platelet count decreased to 71
X 10/, and MRSA (strain E6) was isolated from the
umbilical blennorrhoea. Exanthema improved on day
6. This patient was diagnosed with NTED. The other
patient (male) was also delivered by cesarean section
(day 1). On day 2, CRP was 5.9 mg// and the platelet
count was 90 10°//. On day 3, his CRP increased to
13mg/l, the platelet count decreased to 16 x109//,
and eruption-like exanthema appeared, suggesting
NTED. Fever did not develop. MRSA (strain E7) was
isolated from the navel and exanthema on day 9.
During the examination period, MRSA was isolated
from the nasal mucosa of five medical care staff
members associated with the NICU. Those persons
were all asymptomatic.

Nosocomial transmission - Case 2

MRSA infection occurred in six infants (aged 7-81
days old) in an NICU in Niigata in 2002. Among the

infants, five (aged 7-81 days old) developed no symp-
toms, and MRSA was isolated from the nasal mucosa
or sputum. One infected infant (female) who devel-
oped SSSS was an extremely premature infant born
at a gestational age of 24 weeks (700 g). The infant
was resuscitated by intubation two minutes after
delivery and admitted to the NICU. Exfoliative toxin
B-producing MRSA (strain H5) was isolated from the
inserted tube on day 10 after birth. Epidermal abra-
sions developed on day 16 and became aggravated the
next day, and a diagnosis of MRSA-induced SSSS
was made. The skin of the infant completely peeled
off. Chemotherapy with arbekacin and ceftazidime
was initiated. Gamma-globulin was administered for
three days and steroid ointment was applied. The
symptoms gradually subsided and antibiotic adminis-
tration was discontinued on day 21 after birth.

DNA analysis

Total bacterial DNA was purified and subjected to
pulsed-field gel electrophoresis, in which bacterial
DNA was digested with Smal or Sacll, electrophor-
esed in 1.29 agarose with the molecular size
standards-lambda ladder (Bio-Rad, Hercules, CA,
USA), and stained with ethidium bromide.

PCR assay

The primer sets used for PCR assay were: TST-3 and
TST-6 (generating a 445-bp product) for the TSST-1
gene?, SEA-3 and SEA-4 (generating a 127-bp prod-
uct) for the SEA gene®, SEB-1 and SEB-4 (generating
a 477-bp product) for the SEB gene®, SEC-3 and
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Fig. 2. DNA analysis of the MRSA strains derived from nosocomial transmissions in
an NICU. In (A), MRSA DNA was analyzed by pulsed-field gel electrophoresis. Lanes:
M, molecular size standards (lambda ladder); 1, strain E6 isolated from omphalitis in an
infant diagnosed with NTED; 2, strain E7 isolated from the navel of an infant suspected
of NTED; 3, strain A2 isolated from the nasal mucosa of an asymptomatic infant; 4,
strain A7 isolated from the nasal mucosa of an asymptomatic medical care worker
(carrier) ; 5, strain H1 isolated from the nasal mucosa of an asymptomatic infant; 6,
strain H5 isolated from the inserted tube of an infant diagnosed with SSSS; 7, strain Hé6
isolated from the sputum of an asymptomatic infant. Bacterial DNA was digested with
Smal. Similar data were obtained even when DNA was digested with SacIl. In (B), a
dendrogram was constructed by the computer-assisted comparison of pulsed-field gel
electrophoresis data of strains E6, H1, and H5 shown in (A).
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Table 1. Summary of coagulase and toxin type of NTED and SSSS strains in an NICU®

S. aureus from an NICU

Coagulase - .
) NTED-associated SSSS-associated
or toxin
E6 E7 H5
Coagulase Type 2 Type 2 Type 1
TSST-1 - N -
(512)» (512)» (<1)®
SEA B B B
(<1)® (<1 (<1)®
SEB B o .
(<o (<o (<)@
SEC - - 3
(2048)® (4086)° (<1)®
SED B B B
(<P (<P (<P
SEE — - —
SEG + +
SEH — — —
SEIT + + —
SE]J - — —
ETA B B B
(<1)g) (<1)g) (<1)!>‘)
ETB . B .
(< (<1 (4194304)»

9The toxin genes were assayed by PCR. The toxin production levels (titers representing the
highest dilution [fold] to yield positive results) are shown in parentheses. ETA, exfoliative
toxin A; ETB, exfoliative toxin B.

2 Titer 512 (1 : 512) corresponds to a concentration of ca. 256 ng of TSST-1 per m/ in the original
culture supernatant. Titer <1 corresponds to a concentration of < ca. Ing of TSST-1 per m/
in the original culture supernatant.

9Titer <1 corresponds to a concentration of < ca. Ing of SEA per m/ in the original culture
supernatant.

9Titer <1 corresponds to a concentration of < ca. Ing of SEB per m/ in the original culture
supernatant.

oTiter 2048 (1 : 2048) corresponds to a concentration of ca. 1024 ng of SEC per m/ in the original
culture supernatant. Titer <1 corresponds to a concentration of < ca. Ing of SEC per m/ in the
original culture supernatant.

9Titer <1 corresponds to a concentration of < ca. Ing of SED per m/ in the original culture
supernatant.

9Titer <1 corresponds to a concentration of < ca. Ing of ETA per m/ in the original culture
supernatant. The amount of ETA in the culture supernatants was determined by passive latex
agglutination using EXT-RPLA kit (Denka Seiken), as described in the text.

wTiter 4194304 (1 :4194304) corresponds to a concentration of ca. 4.2 mg of ETB per m/ in the
original culture supernatant. Titer <1 corresponds to a concentration of < ca. Ing of ETB per
m! in the original culture supernatant. The amount of ETB in the culture supernatants was
determined by passive latex agglutination using an EXT-RPLA kit (Denka Seiken), as de-
scribed in the text. In the case of the MRSA strains from asymptmatic infants (including strain
H6), the ETB production levels were ca. 2.1 to 8.4 mg per m/.



Fig. 3. Superantigenic toxin genes and exfoliative toxin
genes were analyzed by PCR for strain E6 (A) and for
strain H5 (B). Lane M, molecular size standards (fX174
RF DNA/ Haelll fragments).

SEC-4 (generating a 271-bp product) for the SEC
gene®, SED-3 and SED-4 (generating a 319-bp prod-
uct) for the SED gene®, SEE-3 and SEE-2 (generating
a 178-bp product) for the SEE gene®, SEG-1 and
SEG-2 (generating a 642-bp product) for the SEG
gene”, SEH-1 and SEH-2 (generating a 375-bp prod-
uct) for the SEH gene*, SEI-1 and SEI-2 (generating
a 576-bp product) for the SEI gene®, ZID and ZDR
(generating a 1731-bp product) for the SEJ gene®,
ETA-3 and ETA-4 (generating a 119-bp product) for
the exfoliative toxin A gene®, and ETB-3 and ETB-4
(generating a 262-bp product) for the exfoliative
toxin B gene®. Cycling conditions were denaturation
for 45s at 94°C, annealing for 45s at 55°C, and
polymerization for 45 s at 72°C (35 cycles). Amplified
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PCR products were analyzed by gel electrophoresis
with 294 agarose and stained with ethidium bromide.
¢X174 RF DNA/Huaelll fragments (Life Technol-
ogies, Gaithersburg, MD, USA) were used as molecu-
lar size standards.

Toxin production assay

Bacteria were grown for 18 h at 37°C in Brain Heart
Infusion broth (Difco Laboratories, Detroit, Mich.),
and adjusted to a bacterial concentration of 2.0 x10°
cfu/m/. The amount of toxin in the culture super-
natants was determined by passive latex agglutina-
tion using TST-RPLA, SET-RPLA, and EXT-RPLA
kits (Denka Seiken Co., Tokyo). The assay kits for
SEG and SEI were not available in this study.

Coagulase typing

The coagulase type of the MRSA strains was
examined using a staphylococcal coagulase antiser-
um kit (Denka Seiken) in accordance with the manu-
facturer’s instructions.

Computer analysis

Computer-assisted analysis of the pulsed-field gel
electrophoresis patterns was performed using a pro-
gram called Molecular Analyst Fingerprinting Plus
(Bio-Rad), according to the UPGMA clustering algor-
ithm®.

RESULTS

Pulsed-field gel electrophoresis showed that all the 12
MRSA strains isolated from the infants and medical
care staff in a nosocomial transmission with NTED
(case 1) were indistinguishable from each other, as
shown in Fig. 2A (lanes 1 to 4). In another nosocomial
transmission with SSSS (case 2), two types of MRSA
were isolated. One type (e.g., strain H1) was clonally
similar to the case 1 MRSA, with an 87.5% homology
(Fig. 2A and B), and all three infected infants were
asymptomatic. The other type (e.g., strain H5) was
clonally divergent from the case 1 MRSA (with a
homology of only 38.1%; Fig. 2A and B). Of the three
infected infants, one developed SSSS, and the remain-
ing two were asymptomatic.

The NTED-associated, case 1 MRSA (e.g., strain
E6) produced type 2 coagulase and was positive for
TSST-1, SEC, SEG and SEI, and negative for SEA,
SEB, SED, SEE, SEH, SE]J, and exfoliative toxin A
or B in the PCR assay (Fig. 3A and Table 1). The
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determined sequences of the TSST-1 gene (705 bp)
and SEC gene (801 bp) of the MRSA strains (Gen-
Bank accession number AB 084255 and AB (84256,
respectively) from the infants were in complete
agreement with the previously described gene
sequences for MRSA from adults”. The toxin produc-
tion levels were 0.5 yg/m!l for TSST-1 and 2.0-4.1
ng/mi for SEC.

The SSSS-associated, case 2 MRSA (e.g., strain
H5), produced type 1 coagulase, and was positive for
only exfoliative toxin B in the PCR assay (Fig. 3B,
Table 1). The exfoliative toxin B production level
was 4.2 mg/m/ (Table 1). Another type of the case 2
MRSA (e.g., strain H1) shared the same coagulase
type and toxin type of the NTED-associated MRSA
(case 1).

DISCUSSION

MRSA infection in the NICU was detected in 46.29%
of patients in 1999, 34.6% in 2000, 14.4% in 2001, and
16.5% in 2002. This study analyzed infants with symp-
toms in a nosocomial transmission and revealed two
major types of MRSA. One was associated with
NTED, produced type 2 coagulase, and had multiple
superantigenic toxin genes for TSST-1, SEC, SEG
and SEI. The other type was associated with SSSS,
produced type 1 coagulase, and had only the ex-
foliative toxin B gene.

NTED is caused by MRSA in neonates and was
first recognized in the 1990 s in Japan®. It frequently
occurs at 2-4 days of age, and the major symptoms
are fever and subsequent exanthema. The fever
persists for about one day and decreases spontane-
ously. The exanthema is systemic erythema (2-3 mm
erythemas later fuse) spreading over the face, trunk,
all four limbs, palms, and soles, spontaneously dimini-
shing within 2-3 days.

A superantigen, TSST-1, produced by MRSA, was
reported to be the major cause of NTED?. In adults,
TSST-1 binds to MHC class Il-positive cells and
abnormally activates T cells expressing a specific V3
region to overproduce cytokines (e.g., tumor Necrosis
factor-@, interleukin-2, interferon-y) inducing an
abnormal reaction in the whole body®, as summar-
ized in Fig. 1B. In contrast, NTED spontaneously
heals without causing shock in neonates®. It is
thought that anergy is induced and cytokine overpro-
duction is unlikely to occur in neonates (Fig. 1B)*.
Another possibility is that the TSST-1 of MRSA
from N'TED patients is divergent from that of MRSA
from adults. However, this possibility was complete-
ly ruled out because the TSST-1 of MRSA from

infants (analyzed in this study) was the same as the
previously described TSST-1 of MRSA from adults
in terms of the gene sequence.

In this study, the MRSA isolated from the NTED
patients was positive for SEC, SEG, and SEI in
addition to TSST-1. These toxins may also have a
role in the onset of NTED. A combination of TSST-1
and SEC shows a higher association with the syn-
drome?, and SEG and SEI have been suggested to
cause the syndrome in cases of TSST-1-negative
cases!®.

In a nosocomial transmission with NTED, the
DNA of the MRSA strains isolated from all seven
infants infected in an NICU was the same as that of
the MRSA strains isolated from the nasal mucosa of
five medical care staff (asymptomatic carriers) on
pulsed-field gel electrophoresis analysis, strongly sug-
gesting that MRSA was transmitted from the medi-
cal care staff to the infants.

In the case of SSSS-associated MRSA, no previous
superantigenic toxin genes were detected. In Japan,
exfoliative toxin B-positive MRSA infection has
tended to increase recently in NICUs.
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