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Waves of β-lactams resistance

• : emergence of MRSA
• strains i n the community. 

 

  

 

  

   

 

   

First pandemic MRSA (Archaic clone, iberian clone)

Worldwide pandemic clone in Hospital and care 
facilities

upsurge in vancomycin usage 

Emergence of CA- MRSA
. susceptible to most antibiotics
. unrelated to hospital strains
. novel, smaller, more mobile SCCmec (IV)
. variety of virulence factors, including PVL

mecALGA251
(future mecC)
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Epidemiology of methicillin-resistant Staphylococcus aureus
(MRSA)

HOSPITAL COMMUNITY

Risk factors
- hospitalization
- surgery
- residence in long term facility
- dialysis
- underlying illnesses
-intravenous drug use
-- agr 1, 2, 3

- no risk factor, young patient
- continent specific clones
- Panton-Valentine 
Leukocidin
- Cassette type IV, agr3

HA-MRSA HA-MRSA

CA-MRSA
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types I, II, III: HA-
MRSA

SCCmec type
20 to 67 kb.

Kondo Y et al AAC 2007;51:264-274

types IV, V, VI: CA-
MRSA, small
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Susan-Boyle-Vavra , lab Invest, 2007

How and why ?

Conjonction of :
. the good genetic backgrounds
. a ”well-adapted” virulence factor
. a on/off resistance gene

+ hygienic social conditions
+ misuse of antibiotics ….

http://www.infectiologie.org.tn



from Laboratory Investigation (2007) 87, 3-9
Community-acquired methicillin-resistant Staphylococcus aureus: the role of Panton-
Valentine leukocidin
Susan-Boyle-Vavra and Robert S Daum
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MLST (Multilocus Sequence Typing)
Séquence type

Amplification of 7 genes « keeping house » by PCR, sequencing the 
allelic profiles

>Vérification que le gène 

Séquencer  gène 
dans un 
séquenceur

456 474 516 456 402 429 465
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Clonal complex (CC) 
Method: analyse BURST (Based Upon Related Sequence Types)
clones (ST) which have 5 commun genes (5/7) belonged to the same complexe 
clonal :CC
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Clinical characteristics of  PVL+ cutaneous infections

Yamasaki et al, CID 2005:40;381

PVL+ PVL-
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Clinical characteristics of bone and joint infections due to 
S. aureus pvl+ 

• S. aureus 
pvl+ osteomyelitis
versus pvl-

 Ostéomyélites  

 

PVL+ 

(14 cas) 

PVL- 
(17 cas) P 

Délais avant consultation (heure)    

Médiane 

 

24 

(12-144) 

96 

(18-432) 

0,02 

 

CRP    

médiane 158 57 0.001 

Complications    

chocs toxiques 6 0 0,004 

ostéo-articulaires    

abcès musculaires 3 0 0,08 

pyomyosites 5 0 0,01 

abcès périostés 11 1 <0,001 

pan-diaphysites 12 0 <0,001 

fractures spontanées 3 0 0,08 

générales autres    

abcès viscéral 11 0 0,012 
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• PVL  is associated to: 
– Extensive osteomyelitis
– Longer  antibiotherapy and hospitalisation 

Clinical characteristics of bone and joint 
infections due to S. aureus pvl+

 Ostéomyélites  

 

PVL+  

(14 cas) 

PVL-  

(17 cas) P 

Délais avant apyréxie     

moyenne 29 3 <0,001 

Durée d’antibiothérapie    

intraveineuse (moyenne) 

 

48 

(10-112) 

11 

(5-9) 

<0,001 

 

orale (moyenne) 

 

256 

(21-1695) (12-60) 

<0,001 

 

Nombre de geste chirurgical    

moyenne 2.8 0.5 0,002 

Durée d’hospitalisation    

moyenne 45 ± 25 13 ± 4 <0,001 
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Necrotizing pneumonia :survival of 
patients

Deaths : PVL+ 75%, PVL- 47%
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PVL + PVL -

Gillet et al Lancet 2002

old patientsyoung patients
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• Airway hemorrhage 
was more typically 
associated with 
CA-MSSA infection 
(44.2% vs. 24.1%; OR, 
0.40; 95% CI, 
0.16-1.02; P=0.056)

• No other statistical 
difference in clinical or 
biological data. 

Comparison of 
clinical, radiological 
and biological data

http://www.infectiologie.org.tn



Situation of C-MRSA in Algeria?
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Increase of MRSA isolates in Algeria

0%
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SARM

Ramdani N. et al. ECCMID Istanbul 1-4 April 2001.
Borg MA et al. Eurosurveillance 2006;11:164-7 . 
Ramdani N. et al. Antimicrob Agents Chemother 2006;50:1083-1085
Tazir M et al Rapport annuel 2006,2007,2008
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Infection S. aureus (n=700) MRSA (n=291)
Nb  (%) Nb  

Skin and soft tissus 467 (67) 209
Bacteremia 43 (6) 20 
Bone and joint 

infection 38 (5) 19 
Pneumonia 33 (5) 12 
ENT 56 (8) 11 
ocular 12 (2) 6 
Genital 10 (1) 2 
Endocarditis 3 (0,4) 2 

38 (5) 10
http://www.infectiologie.org.tn
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55%
45%

Global  PVL frequency 
(n=221)

PVL -
PVL +

50%50%

PVL in  CA S.aureus
(n=84)

PVL -
PVL +

58%
42%

PVL in HA s.aureus (n=138)

PVL -
PVL +
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Resistance phenotypes of PVL+ MRSA 

Resistance profiles 
C I 

(n=30) NI (n=48)
Total 

(n=78)

pen,oxa,kan,tet,fuc 15 13 28

pen,oxa,kan 3 5 8

pen,oxa,kan,ery,tet,fuc 6 1 7

pen,oxa,gen,kan,ery,lin,pri,ofx,tet,fuc 0 7 7

pen,oxa,gen,kan,ofx,fuc 0 5 5

pen,oxa,gen,kan,ery,lin,pri,ofx,fuc 0 3 3

pen,oxa,kan,ofx,fuc 0 3 3

European clone ST80: oxa, kan,tet, fuc
mecA+, agr3, SCCmec IV, V

http://www.infectiologie.org.tn
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Diversification of resistance profiles 
ST80 PVL+ CA-MRSA

 N (%) Country of origin (N) 
P, OX, K 
P, OX, K,E 
P, OX, K, FU 
P, OX, K, TE 
P, OX, K, E, FU 
P, OX, K, E, L 
P, OX, K, E, Rif 
P, OX, K, OFL, FU 
P, OX, K, TE, FU 
P, OX, K, T, G 
P, OX, K, E, L, FU 
P, OX, K, E, TE, OFL 
P, OX, K, E, TE, FU 
P, OX, K, E, L, TE, FU 
P, OX, K, T, E, L, TE 
P, OX, K, T, G, OFL, FU 
P, OX, K, T, G, TE, FU 
P, OX, K, E, L, TE, OFL, FU 
P, OX, K, T, G, E, OFL, FU 
P, OX, K, T, E, L, OFL, FU 
P, OX, K, T, G, E, TE, FU 
P, OX, K, T, G, OFL, FU, Rif 
P, OX, K, T, G, TE, FU, Rif 
P, OX, K, T, E, L, PRI, OFL, FU 
P, OX, K, T, G, E, L, PRI, OFL, FU 

25 (7.0) 
12 (3.4) 
19 (5.3) 
6 (1.7) 
8 (2.2) 
1 (0.3) 
1 (0.3) 
1 (0.3) 
205 (57.4) 
1 (0.3) 
1 (0.3) 
1 (0.3) 
59 (16.5) 
2 (0.6) 
1 (0.3) 
2 (0.6) 
1 (0.3) 
2 (0.6) 
1 (0.3) 
1 (0.3) 
1 (0.3) 
2 (0.6) 
1 (0.3) 
2 (0.6) 
1 (0.3) 

Algeria (9), France (13), Greece (1), Switzerland (2) 
Algeria (5), France (6), Switzerland (1) 
Algeria (4), France (13), Switzerland (2) 
Algeria (1), France (5) 
Algeria (1), France (5), Switzerland (2) 
France (1) 
Algeria (1) 
Algeria (1) 
Algeria (27), Belgium (1), France (147), Germany (1), Greece (3), The 
Netherlands (2), Slovenia (3), Switzerland (20), Singapore (1) 
France (1) 
France (1) 
France (1) 
Algeria (5), France (48), Roumania (1), Switzerland (5) 
France (2) 
Algeria (1) 
Algeria (2) 
Algeria (1) 
Algeria (2) 
Algeria (1) 
Algeria (1) 
France (1) 
Algeria (2) 
Algeria (1) 
Algeria (2) 
Algeria (1) 

 

Tristan A et. EID, 2007

Ramdani-Bouguessa N, et a Antimicrob
Agents Chemother. 2006;50:1083-5.
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CA-MRSA PVL+ colonize the hospital
• USA % of infections 

Delaware (US) = 28% CA-MRSA in the community (USA300)

…..and 20% of nosocomial infections  
Grady Memorial Hospital (USA, Delaware) 

Seybold U et al CID 2006;42:647-56

• Greece
– Collection of 1058 S. aureus
– 498  MRSA (47%)
– 222/498 MRSA PVL + (45%)

CA-MRSA in the community CA-MRSA in hospital

218 souches
157 PVL+

280 souches
65 PVL+72% 23%

from Chini V et al Eur J Clin Microbiol Infect 2006
http://www.infectiologie.org.tn



S.aureus carriage

MRSA
transmission:
-contact skin-to-
skin
-Nasal carriage

US300 in San Francisco 
(Tattevin

http://www.infectiologie.org.tn



21%

27%

52%

Global carriage (n=136)

SARM

SASM

negatif

22%

11%

67%

Carriage in staff (n=27)

SARM

21%

31%

48%

carriage in patients (n=109)

SARM
SASM

Nasal carriage in hospital staff (n=27) and patients 
(n=109) at dermatology depatment Algiers
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Frequency of MRSA-PVL+ carriage

67%

50%

11%
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S. aureus carriage in the community
in Algiers

Carriage in chidren (n=258), 3 
sites:  nasal+throat+anal

53%

6%

41%

MSSA MRSA Negatif

Carriage in adults (n=200), 2 
sites: nasal+throat

51,50%

2,30%

46,20%

MSSA MRSA Negatif
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MRSA carriage in 3 sites
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What is the situation in 
Maghreb and the world?

http://www.infectiologie.org.tn
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• CA-MRSA
– First description 1990
– USA: ST8 – USA300

• 97% of SSTI emergency
• 58% des SSTI aux USA

– Europe : ST80
– Taiwan, Vietnam, China : 

ST59
– Corée : ST72
– Austria: ST30

CA-MRSA pvl+

Moran et al., NJEM
2006 ; Deleo et al.
Lancet (2010)
Otto M. - Basis of
virulence in
community-associated
methicillin-resistant
Staphylococcus aureus.
- Annu Rev Microbiol.
2010;64:143-62.http://www.infectiologie.org.tn



Worlwide emergence of cMRSA

Diep and Otto, Trends in Microbiol 2008
http://www.infectiologie.org.tn



Recent emergence animal MRSA :
LA (livestock)-MRSA (ST398)
animal to man transmission

The proportion of NT-MRSA ≅CC398 has 
increased from 0% in 2003 to 33% of all new 
reported cases of MRSA in the 2007

http://www.infectiologie.org.tn



 Specific therapeutics EXIST!

 Primitive cutaneous infections
◦ nasal & cutaneous decontaminations
◦ Control the epidemic spread

 Necrotizing pneumonie  
◦ IGIV
 Toxine neutralisation 

◦ anti toxinic antibiotics
 Clindamycin

 inhibit toxine synthesis
 Linézolid

. inhibit toxine synthesis

Why rapid diagnosis of S. aureus pvl+ ?

Gauduchon et al. 2004 ; Gillet  et al. 2008;  Dumitrescu et al. 2007

Oxacilline ClindamycineLinézolide Acide 
Fusidique

RifampicineTémoin
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furonculosis

• MSSA  
• Oxacillin for 5 days
• Pristamycin for 5 

days
• MRSA :
• Clindamycin
• Pristinamycin
• Alternatives
• Doxycycline
• Cotrimoxazole

Bone JI  S. aureus pvl+

• MSSA  
• Oxacilline + 

Rifampicin
• Clindamycin + 

Rifampicin
• MRSA :
• Vanco + Rifampicin

or Fusidic Ac. or 
Fosfomycine or 
Doxycycline

• Clindamycin + 
Rifampicin

• Vancomycin + 
clindamycin

necrotizing pneumonia

• MSSA
• Oxacillin
• and Clindamycin
• OR Rifampicine for 

5 days
• MRSA
• Linezolide for 14 

days
• OR Vancomycin and

clindamycin OR
Rifampicin for 5 
days

• Vancomycin + 
clindamycin

Therapeutic options

Recommandations IOA 2008 Haute Autorité de Santéhttp://www.infectiologie.org.tn



Prevention

http://www.infectiologie.org.tn
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