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Clostridium Clostridium Clostridium Clostridium difficiledifficiledifficiledifficile
・ The leading cause of nosocomial diarrhea

・ Asymptomatic carriage

・ Emergence of PCR ribotype 027 
Hypervirulent (highly-transmissible)
Fluoroquinolone-resistant in 2000s

Cephem-resistanct in 1980s 
Clindamycin-resistanct in 1970s

tcdD tcdB tcdA tcdCtcdE

18bp deletion
1bp deletion (frame shift)

Toxin B
(cytotoxin)

Toxin A
(enterotoxin)

Negative regulator

Increase of toxin 
production by ca. 20 fold

Ref: http://www.musee-
afrappier.qc.ca/fr/index.php?pageid=33
30&image=3330_clostridium

Ref: Y Arakawa. 
http://idsc.nih.go.jp/training/19kanri/005.html

spore

・ Binary toxin

Toxin

・ Toxins A and B 



Pseudomembranous colitis (arrow) 
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Bacillus cereus Bacillus cereus Bacillus cereus Bacillus cereus nosocomial nosocomial nosocomial nosocomial infection infection infection infection 
from reused towels in Japanfrom reused towels in Japanfrom reused towels in Japanfrom reused towels in Japan

・ Blood stream infection
・ Spiking fever (>38.5°C)

J Hosp Infect. 2008 69:361 J Hosp Infect. 2008 69:361 J Hosp Infect. 2008 69:361 J Hosp Infect. 2008 69:361 



Multiple drugMultiple drugMultiple drugMultiple drug----resistant resistant resistant resistant Pseudomonas Pseudomonas Pseudomonas Pseudomonas aeruginosa aeruginosa aeruginosa aeruginosa 
(MDRP)(MDRP)(MDRP)(MDRP)

InfectionInfectionInfectionInfection Age (Avg.)Age (Avg.)Age (Avg.)Age (Avg.) Underlying diseaseUnderlying diseaseUnderlying diseaseUnderlying disease DeathDeathDeathDeath

Urinary tract 
infection

24-74 (49) Diabetes mellitus, 
malignant disease, 
hematological disease
et al. 

2/6

Pneumonia 36-73 (58) Malignant disease, 
hematological disease, 
AIDS et al. 

1/3

Sepsis 25-34 (30) Malignant disease, 
hematological disease,  
renal fistula et al. 

1*/3

* Antibiotic treatment: vancomycin, cefozopran → meropenem, aztreonam

Infections in Niigata University Hospital

・ Resistance  to  carbapenems, aminoglycosides
and fluoroquinolones



Methicillin-resistant Staphylococcus aureus
(MRSA)

Emergence of MRSA

Staphylococcus aureus (MSSA) MRSA

SCCmec



Nasal carriage in healthy individualsNasal carriage in healthy individualsNasal carriage in healthy individualsNasal carriage in healthy individuals

① Staphylococci                  >90%
② Coagulase-negative        >60%

staphylococci (CNS)
③ S. aureus                        ~30%
④ MRSA               

University students     <0.1%
Healthy children           1-4%              



Community-acquired MRSA
(CA-MRSA)

Hospital-acquired MRSA
(HA-MRSA)

① Age
・Inpatients (age >50)

② Heavy resistance
・ SCCmecII
・ High OXA resistance
・ Resistant to multiple drugs

③ Invasive infections
・ Medical devises, etc. 

Two types of MRSATwo types of MRSATwo types of MRSATwo types of MRSA

① Age
・Athlete, children

② Light resistance
・ SCCmecIV
・ Low OXA resistance
・ Resistant to limited drugs

③ SSTIs
・ Immunoresistant 

(PVL, ACME, peptide toxins)



Now, why MRSA?
The United States

• MRSA isolation rate was 64.4% of S. aureus clinically isolated 
(2003). Klevens et al., Clin. Infect. Dis., 2006

• There were 94,360 cases of MRSA invasive infection and, of those, 
18,650 cases (19.7%) were fatal (2005). 

Klevens et al., JAMA, 2007；JAMA, 2008

• Community-aquired MRSA (CA-MRSA) emerged and CA-MRSA 
infection of young age including healthy children and athletes were 
expanded. CA-MRSA caused serious pneumonia during influenza 
season (influenza-associated MRSA CAP). 

CDC、MMWR, 2007

• As adult community-aquired pneumonia (CAP) that is important to verify 
with diagnostic study, CA-MRSA infection is listed in addition to SARS, 
avian (H5N1) influenza, and others. 

Mandellら、Clin. Infect. Dis., 2007（IDSA、ATS）
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ST type spa type SCCmec
type

agr typeEpidemic
MRSA clone

New York/Japan

EMRSA-15

EMRSA-16

Berlin

Iberian

5 2 2II

Hungarian

Brazilian

239

239 390

6

IIIA

III

1

Pediatric 5 245 IV (VI)

22 IV

36 16 II 3

45 15 IV 1

247 5 I 1

Russian 239 351 IIIx 1

1

HA-MRSA



Brazilian clone

NY/ Japan clone

EMRSA-15 clone

EMRSA-16 clone

Pediatric clone

Iberian clone NY/ Japan clone

Hungarian clone

Berlin clone

ST 5 (sea-, tst+, egc+)

ST 239 (sea+, tst-, egc-)

ST 5 (sea-, tst-, egc+)

ST 239  (sea-, tst-, egc-)

ST 247 (sea+, tst-, egc-)

ST 36 (sea+, tst+, egc+)
ST 45 (sea-, tst-, egc+)

ST 22 (sea-, tst-, egc+)

ST 5 (sea-, tst-, egc+)

Japan

Netherlands

Russia

USA

Canada

0
50

100 33%

0
50

100

India

37.5%

0
50

100 1.6% 0
50

100 22.3%

0
50

100 66.8%

0
50

100 ca. 60%

(Hungarian clone)

Russian clone

ST239

HA-MRSA



Jerome Etienne

CA-MRSA



Definition of CA-MRSA
Epidemiological definition:
• Isolation from outpatient or within 48 h of hospital admission.
• Isolation from the patient without known risk factors for MRSA infection 

(absence of hospitalization, surgery, dialysis etc. within the previous 
1year).

Bacteriological definition:
• ST type, etc as those of known CA-MRSA
• PFGE pattern as that of known CA-MRSA.
• Possessing of specific genes.
• PVL-positive (prevalent).
• SCCmec type IV - VII (mainly).
• Resistance to only β-lactams (in some regions or countries).



Risk factors for MRSA infections

1. Hospitalization
2. Surgery
3. Residence 

in a long-term care facility
4. Dialysis
5. Indwelling catheters and 

percutaneous medical devices

1. University, school students
2. Military trainee
3. Athletic activity 

(football teams, etc.)
4. Jail inmates
5. MSM 

(men who have sex with men) 
6. Infected family member
7. Hurricane evacuees
8. Tattoo

CA-MRSA
✽infection: mainly compromised host ✽infection: healthy individual

HA-MRSA



Osteomyelitis

Bacterimia

Influenza or influenza-like 
prodromes

Lung 
abscess

70-80％

-3％
-2％MRSA CAP 

(Necrotizing pneumonia)

Neutrophils

Colony of 
micro-

oganisms

Obvious bleeding Necrosis （alveolar wall)

Wound infection

UTI

Sinusitis

-10％

-4％

-4％

Sepsis with 
Waterhouse-
Frederichsen 

yndrome 

Necrotizing 
fasciitis

Skin & soft-tissue infection (SSTI) Respiratory infection Others

Bullous impetigo Carbuncle

Pelvic abscess
(Iliopsoas abscess)

Arthritis

Surgical site infection



Africa

Europe

Asia

ST: 30, 59

Japan

ST: 30

Oceania

ST: 30, 93

North America

USA300
ST: 80

Europe

South America

ST: 30

USA

ST: 8, 1

PVL-positive CA-MRSA



Hands 37.5%

Nasal cavity
75%

Cheek�
87.5%Axilla 25%

Inguinal area 37.5% 

Umbilicus
25%

Foot 0% 



ACME IACME I
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(24 kb)(24 kb)
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Thank you!Thank you!


