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INCREASING BURDEN OF RESISTANCE

Waves of B-lactams resistance
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Epidemiology of methicillin-resistant Staphylococcus aureus
(MRSA)

HOSPITAL OMMUNITY

CA-MRSA

- no risk factor, young patien;
- continent specific clones
- Panton-Valentine
Leukocidin

- Cassette type |V, agr3

http://www.infectiologie.org.tn



SCCmec type
20 to 67 kb.

types |, 1, lll: HA-
MRSA

types IV, V, VI: CA-
MRSA, small
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How and why ?

MSSA PVL phage Prophage integrated into MRSA produces PVL toxin
infects MSSA 5. aureus chromosome
carrying pvl genes

Chromosome

Conjonction of : a
. a Methicillin resistance cassette
. the good genetic backgrounds (SCCmec IV or V) enters cell and

. PVL toxin integrates into chromosome
. a "well-adapted” virulence factor a
. a on/off resistance gene

+ hygienic social conditions Susan-Boyle-Vavra, lab Invest, 2007
+ misuse of antibiotics ....

http://www.infectiologie.org.tn




MRSA /\ PMN Mitochondrion
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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

PCR MLST

aro pta ypi pb arcc tpi pb gmk glp pb
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———— R B,
12 octobre 2011 _ l
. The MLST principle

arokE 3 .

RipF 1
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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
ST31 ST57 SLV = Single Locus Variant (un ST
(2,2,2,3,6,3,2) (2,2,2,2,6,49,2) qui differe par une allele a un seul
locus par rapport a un autre ST)
ST30(2,2,2,2,6,3,2) €& ST ancestral: celuiquia le plus de
SLVs
<€ SLV
ST74
ST40 \2:2,2,196,3,2) @G====Double-locus variant
(2,2,2,2,6,2,2)

ST811
(2,2,2,48,6,3,10)

CC: Clonal Complexe

http://www.infectiologie.org.tn



Clinical characteristics of PVL+ cutaneous infections

PVL+ PVL-
Patients with PVL  Patiantz with PVL0L
gane—pozitive gena-negative
cazas cases
Characteristic in = 16l in = 24)
Age, mean years irangs) 20,8 1-611° 48.0 (12-62
Disoasze
Systamic 0" 7127
Cutanacus 4 (286 4 115.4)
Mumber of lesions
Single furuncla B (37.5° 22 24 .68)
rAUIt Dl furunclaz” 10 162.51° 4115 4}
systemic symptoms
present 1 17.1) 1 12.28)
=cora for local aymiptoms,
mean + S0°
Erythema 2 B6 + 0.70° 1.33 + Q.48
[ awelling 226 = 0,42 1.68 = 067 ]
Fain 146 + 0.5 1.44 = 0.51

http://www.infectiologie.org.tn Yamasaki et al, CID 2005:40;381



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

Pa nton[i\e/g:gmicnzogi Ifg(:c:czll |?1m Ptcalsi;| Iﬁgi ?&;ﬁ;ﬁiﬁ?ﬁ aureus Ostéom y elites
o Vondentth MD. i P Vonbens. D P Dol e DS PVL+  PVL-
and Jerome Erienne, MD, PhDS
(14 cas) (17 cas) P
Délais avant consultation (heure)
Mediane 24 96 0,02
e S.aureus (12-144) (18-432)
pvl* osteomyelitis CRP
versus pvl médiane 158 57  0.001
Complications
chocs toxiques 6 0 0,004
ostéo-articulaires
abces musculaires 3 0 0,08
pyomyosites 5 0 0,01 )
abceés périostés 11 1 <0,001
pan-diaphysites 12 0 <0,001
\_fractures spontanées 3 0 008 )
générales autres
abces viscéral 11 0 0,012

http://www.infectioldgié.org.fnn




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

Ostéomyeélites

Pediatric Bone and Joint Infections Caused by
Panton-Valentine Leukocidin-Positive Staphylococcus aureus PVL+ PVL-

Bruno Dohin, MD, PhD,* Yves Gillet, MD, 7 Rémi Kohler, MD,* Gérard Lina, MD, PhD, }
Frangois Vandenesch, MD, PhD.} Philippe Vanhems, MD, PhD,§ Daniel Floret, MD,+

and Jerome Etienne, MD, PhD} (14 CaS) (17 CaS) P

Délais avant apyréxie

moyenne 29 3 <0,001
Durée d’antibiothérapie
(" intraveineuse (moyenne) 48 11 <0,001")
(10-112) (5-9)
orale (moyenne) 256 <0,001
\_ (21-1695) (12-60) )
Nombre de geste chirurgical
moyenne 2.8 0.5 0,002
Durée d’hospitalisation
moyenne 45 + 25 13+4 <0,001
PVL is associated to:
— Extensive osteomyelitis
— Longer antibiotherapy and hospitalisation

http://www.infectiologie.org.tn



Necrotizing pneumonia :survival of

patients

Deaths : PVL+ 75%, PVL- 47%
10 rsg Median survival time
R N PVL+: 4 days
S o4 | T
2] A L PVL-: 25 days r-ooos
;:? 67 ' i’?..;_
§ ; | ? 1u-ui..£'
o d y HenmmRmmRs Y.
o 4 F_ PVL+ ™t PVL -
s 37 DU B | S
E 29 young patients gﬂ?l?.liaii.eﬂf?
8 19

0O.0= -

10 0 10 20 30 40 50 60 70 80 90 100 110 120
Days after admission
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C-MSSA C-MRSA Univariate OR  P-value

Characteristic (N=104) (N=29) (95% CI)
C - Demographics
omp ar’son O Age (years) 22 (4.5-43.7) 22.5(0.7-46.5) 0.99 (0.98-1.01) 0.717
Male gender 64 (61.5) 17 (58.6) 1.29 (0.49-2.61) 0.831

Clin ical, radiOIogicaI CNnom:r::::I)?nngd(iitii;::sel 92 (88.5) 22 (75.9) 2.51(0.82-7.04) 0.111

Perso_nal or fan11}ia12hlstory of skin and 18 (24.0) 4(182) 0.70 (0.21-235)  0.773
soft tissue infection

and biOIO gical da ta Symptoms before hospitalization

Time from onset of symptoms to
N | 3.0 (2.00-5.00) 3.5(2.25-5.75) 1.01(0.90-1.13) 0.847
Influenza-like syndrome 61 (59.8) 19 (65.5) 1.27 (0.54-3.02) 0.669
Skin and soft tissue infection® 28 (26.9) 3(10.3) 0.31 (0.09-1.12)  0.082
Clinical symptoms during the first 24
hours of hospitalization®
Fever >39° or temperature <36° 83 (79.8) 21(72.4) 0.66 (0.26-1.71)  0.447

° A| rway h emor rh ad ge [[Arway hemorhage 76 (41.2) T(A1) __ 040(0.16-1.02) 0.0 |
. infectiont ylococeal 26 (25.2) 2(6.9) 0.22(0.05-99)  0.039
Wa S m O re ty p I Ca I Iy Radiological findings during the first
. . 24 hours of hospitalization’
Pleural effusion 16 (55.2) 13 (44.8) 1.09 (0.47-2.50)  0.836
a S S O C I ate d W I t h Multilobar consolidation 67 (65.7) 15(51.7) 0.56 (0.24-1.29) 0.195

Biological findings during the first 48

CA-MSSA infection : :
Lowest ]eukocyte count (10°/L) 5.5(1.4-14.6) 4.7(1.2-11.8) 1.00(0.99-1.01) 0.586
(44.2% vs. 24.1%; OR, D kocytegnL. 38E6S)  13(448)

3000-10000 leukocytes/mL 2] (Il By

040, 95% Cl , >10000 leukocytes/mL 39(37.9) 8(27.6)

Lowest platelet count (10°/L) 171(92-275) 164 (74-275) _ 1.00(0.99-1.01) 0767
O 1 6 1 02 . P_O O 5 6 ICU admission** 82 (79.6) 20(69.0)  0.57(0.23-1.43)  0.315
. s ) — V. ) Severity markers
PRISM score 18 (12-35) 11(5-31) _
@N) 18132 69 0.95 (0.89-1.02)  0.217
oy e TP GO 099 097-101) 0436
* No other statistical Fnaf%)"ﬁoz ratio 70 g?élzoa o 1(3;02-39) 1.00 (0.99-1.01)  0.968
. . o . Therapy
d Iffe rence in CI INICA I or Mechanical ventilation 69 (66.3) 16(552)  0.62(0.27-144) 0282
b . I . I d [%L;;iit)ion of mechanical ventilation 2.0 (1.0-140) 3.5(1.0-11.7) 0.797
IO Oglca ata . Inotrope support 59 (56.7) 14 (48.3) 0.71 (0.31-1.62)  0.527
Appropriate antibiotic therapy in the -
A e B i o 86 (87.8) 19(79.2)  0.53(0.17-1.68)  0.324
QOutcome
Complications"’ 85 (81.7) 23(79.3)  0.86(0.31-2.39)  0.790

http://www.infectiologie.org.in ARDS 48 (46.2) 10 (34.5)  0.61(0.26-1.45)  0.296



Situation of C-MRSA in Algeria?



Increase of MRSA isolates in Algeria

(]

g S ARM
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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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ORIGINAL ARTICLE

High prevalence of methicillin-resistant Staphylococcus aureus clone
ST80-1V in hospital and community settings in Algiers

K. Antri'*, N. Rouric®®*, O. Dauvwalder®?, 1. Boubekri', M. Bes®?, G. Lina®™?, F. Vandenesch®™?, M. Taxir',

Infection S. aureus (n=700) MRSA (n=291)
Nb (%) Nb

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

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

2010 European Society of Clinical Microbiclogy and Infectious Diseases, CMI

http://www.infectiologie.org.tn



TABLE |. Baseline characteristics in 122 cases of methicillin-resistant Staphylococcus aureus (MRSA) and 89 cases of methicil-

lin-susceptible S. aureus (MSSA) community- and hospital-acquired infections among patients admitted to Mustapha Bacha
Hospital, Algiers, between April 2006 and December 2007

Characteristic

Community infections

MSSA MRSA

%

Hospital infections

MSSA

%

MRSA

%

Staphylococcus aureus isoltes
Demographics

Median age (years)

Sex ratio (M/F)
Diagnosis

Skin/soft-tissue infection

Bone/joint infection

Bacteraemia

Pneumonia

ENT or eye infection

Meningitis

Urinary tract infection

50 59.5 4

399
194 (33/17) T2 (19/15)

3 5‘5**
14

— ek el el el s Lad
S =— T b i =— L

[N e S S

ﬁ'wbﬂ‘lﬁ'wﬁ

*p <0.05, community-acquired M

vs. hospital MRSA.

*#p <0.05, M5SA vs. MRSA community infections.

EMT, ear, nose and throat.

http://www.infectiologie.org.tn
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Global PVL frequency
(n=221)

BPpPVL-

45%
550 BPVL +

antibiotic resistance of community S.
aureus

PVL in CA S.aureus
80%
60%
BPVL- 0%

mPVL + 20%
0%

PVL in HA s.aureus (n=138)

100%

909%6

80%

70%6

60%

EPVL - 5096
40%6

B PVL + 30%6
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Resistance phenotypes of PVL+ MRSA

Cl Total
Resistance profiles (n=30) NI (n=48) (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.infecti ~org.tm




TABLE 1. Panton=¥Yalentine leukocidin (PYL) genes in 221

Staphylococcus aureus isolates

recovered from patients

admitted to Mustapha Bacha Hospital, Algiers, between
April 2006 and December 2007
Community Hospital
infections infections
Characteristic n Yo n Vo p-value
LIS JTLIEELIS B4 Lif
PV L-positive 42 50.0 57 41 & MNs
PYL-negative 41 50.0 80 58 .4
Al MISSA 50 : 72 —
PV L-positive 12 —>14.3 8 —> 58 0.06
PYL-negative 38 45.2 &4 46.7
All MRSA 34 &5
PVL-positive 30 =>35.7 49 =—> 1358 0.13
PV L-negative 4 4.8 I& 1.7

M55A, methicillin-susceptible & aureus; MRSA, methicillin-resistant 5. gureus.

http://www.infectiologie.org.tn



Diversification of resistance profiles
ST80 PVL+ CA-MRSA

N (%) Country of origin (N)

25 (7.0) Algeria (9), France (13), Greece (1), Switzerland (2)
12 (3.4) Algeria (5), France (6), Switzerland (1)
19 (5.3) Algeria (4), France (13), Switzerland (2)
6 (1.7) Algeria (1), France (5)

AARARARAANRX
mmm-o M

m C

P, OX
P, OX
P, OX
P, OX
P, OX, FU 8 (2.2) Algeria (1), France (5), Switzerland (2)
P,OX, K, E, L 1 (0.3) France (1)
P, OX, K, E, Rif 1(0.3) Algeria (1)
P’ OX, ' OFL’ FU 1 (03) ﬁlggzlz% (L;Le)l ium (1), France (147), Germany (1), Greece (3), The
II;’, (C))))(( E'}FEG FU io(?) 25)7-4) Negfherlands(’(z)), glovenia'(s), Switzerland (20), syingabore o
, KT . France (1
P, OX, K, E, L, FU 1(0.3) France (1)
P, OX, K, E, TE, OFL 1(0.3) France (1)
P,OX,K,E, TE, FU 59 (16_5) AIgeria(E;()é;:rance (48), Roumania (1), Switzerland (5)
P,OX, K E, L, TE, FU 2 (0.6) France
P,OX,K, T,E L, TE 1 (0.3) A:ger!a (%)
E 8§ E -IT_ g -?ELFSU i ggg; Qgg::: 8 Ramdani-Bouguessa N, et a Antimicrob
P.OX, K, E, L, TE, OFL, FU 2 (0.6) Algeria (2) Agents Chemother. 2006;50:1083-5.
P,OX, K, T, G, E, OFL, FU 1 (0.3) Algeria (1)
P,OX, K, T, E, L, OFL, FU 1(0.3) Algeria (1)
P,OX, K, T,G,E, TE, FU 1 (0.3) France (1)
P, OX, K, T, G, OFL, FU, Rif 2 (0.6) Algeria (2) Tristan A et. EID, 2007
P,O0X, K, T, G, TE, FU, Rif 1 (0.3) Algeria (1)
P,OX, K, T, E, L, PRI, OFL, FU 2 (0.6) Algeria (2)
P,OX, K, T,G

L
JE,L,PRI,OFL, FU 1(0.3) Algeria (1)

http://www.infectiologie.org.tn



CA-MRSA PVL+ colonize the hospital

e 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 280 souches
157 PVL+ 72% 65 PVL+ 23%

from Chini V et al Eur J Clin Microbiol Infect 2006

http://www.infectiologie.org.tn



S.aureus carriage

US300 in San Francisco
(Tattevin

MRSA
transmission:

-contact skin-to-
skin
-Nasal carriage

las clears from Kevin Kuranyl in Dortmund

http://www.infectiologie.org.tn



Nasal carriage in hospital staff (n=27) and patients
(n=109) at dermatology depatment Algiers

Carriagein staff (n=27)

22%

11%

Global carriage (n=136) BSARM

21%

T

52%_{;
BSARM T
o
OSASM
Onegatif

carriage in patients (n=109)
21%

http://www.infectiologie.org.tn



Frequency of MRSA-PVL+ carriage

O negatif OMSSA BMRSAPVL + EBMRSAPVL -
100%
90%
80% -
70% | 11%
28%
60% -
50% -+
40% A
67%
30% -+
50%
20% A
10% -
0%
staff (n=27) patients (n=109)

http://www.infectiologie.org.tn



S. aureus carriage in the community

in Algiers

Carriage in chidren (n=258), 3 Carriage in adults (n=200), 2
sites: nasal+throat+anal sites: nasal+throat

46,20%

2,30%

MSSA m MRSA Negatif MSSA = MRSA Negatif

http://www.infectiologie.org.tn



MRSA carriage in 3 sites

40,00% /

35,00% -

30,00% -

25,00% -

B MRSA
m MSSA

20,00% -

15,00% -

10,00% -

5,00% -

0,00% : :

Nasal Throat

http://www.infectiologie.org.tn



What is the situation in
Maghreb and the world?



Epidemiology of methicillin-susceptible Staphylococcus aureus lineages in
five MmMajor African towns: high prevalence of Panton—WValentine
leukocidin genes

S. Breurec', . Fall', R. Pouillot?, P. Boisier®, S. Brisse®, F. Diene-Sarr', S. Djibo?®, J. Etienne®, M. C. Fonkouwua®,

J. D. Perrier-Gros-Claude®, ©. E. Ramarokoto”, F. Randrianirina™, |. M. Thiberge?, S. B. Zriouil®?, the Working Group on
Stap hylococcus aureus infections®, B. Garin'' and F. Laurenc®t

1) Instite Pasteur, Dakar, Senegall 2) Centre Pastewr, Yaounde, Carmeroon, 3) CERMES MNiame)y, MNiger, 4) Institue Pasteur, Paris. 5) University of Lyosm,
MNational Referenoe Centre for Staphylocooci Lyon, Fronce, &) Institure Pasteur, Caosablanca, Mormocoo, 7)) sttt Pastewr, Antonanarivo, MMaodogasoar,

8) (bn Rochd University Hospital and 9) Hassan i University, Cosaoblanca, Morocoo

TABLE . Distribution of 228 methicillin-susceptible Staphylococcus aureus isolates obtained in five African towns (Antananar-
ivo, Casablanca, Dakar, Niamey, and Yaounde) according to the presence of Panton=Yalentine leukocidin (PYL) and the types

of infection®

Antananario Casablanca Dakar Miamey Yaounde Total

N PVLy,n(%) N PVLy,a(R)| N PVLea(%] N PVL&a(%) N PVlsa(k) N PVlea (%)
Bacteraemia 0 0 00 17 847 0 0 0 0 17 847
Myasitis 0 0 00 PR Y| ) 0 0 0 0 PO EN )]
O ateomysltts 1 0 00 I &) 5 360 | 1{I00) 1% 12(ed)
Pulmonary infection 0 0 00 6 350 0 0 0 0 0 3(50)
Skin and soft tissue inkecon 4 B(3) pyI8 3(17) 4 W) 13107 17 12(1) 119 &7 (5)
Surgical site infecton 12 542 00 T 14 14 7 (50) 3 3(100) 3 1644
Genitourinary tract infecion ™ 2 0 00 1 0 0 0 0 0 4 0
Uriknawn type of infection 0 0 00 0 0 0 0 1 150 1 1(5)
Towl 0 133 g 3(17) 115 77 (67) 1120 (63) 117 08 130(57)

N, total number of strains isobted

http://www.infectiologie.org.tn



Eamr J it Pllicrobeo]l Inficct s (2011 3 340595 S0

IDCRE B DO T e S -1 1 O

ARTIHCILE

Masal carriagce of Sraplfayviococcres arrrernes in healthy huumans
with different levels of contact vwithh anirmals in Tunisizaz

venetic lineagsces.

. Ben Slkamma - H. CGsharsa - MN. B L
- wil. Fararzaga -

W0 anmmaos - E. et meem—5m ma
A Boudabhous - O, Tormes

2

= . Jowimi -

methicillin resistance .

and viFrulemce factors

Eur J Clin Microbiol Infect Dis (2011) 30:499-508

Table 1 Chamcterstics of the 423 healthy ndividuals m relation to specific rek factors and charactenstics of recovered Staphylococous aurens

Bolates

Chamcteristics of mdividuals tested No. of No. of No. (%) of Individuals

mdrviduals indrviduals mdrviduals with toxigenic
Contact with amimals Orther nsk factors® tested with 5. aurais with MR SA S awrens”
High contact with farm animals; Mo 3 16 1 (1.2 %) PVL (3), TSST-1(2)
veterinarian sidents or stff Yes i 5 0 ETA + ETB (1)
tarmers; abattoir workers
High contact with companion anmals Mo 36 ] 0 Ts5T-1 (4), ETA (1)
Yog 21 l 0

Sporadic contact with animals Mo 13 2 0 PVL (1)
Yes 21 l 0

Mo contact with animals Mo 132 15 0 Ts5T-1 (2)
Yos b ) 0 Ts&T-1 (3)

Total 423 53 1 (0.2%) (17)

“Use of antibiotics or contact with hospitalized patiens in the three months prior to sampling

“PVL: Panton-Valentine keukocidin, ETA and ETB: exfoliative toxins A and B, respectively; TSST. toxic shock syndromse toxin

http://www.infectiologie.org.tn




CA-MRSA pvl*
e CA-MRSA — Europe : ST80

— First description 1990 — Taiwan, Vietnam, China :

— USA: ST8 — USA300 ST53
* 97% of SSTI emergency — Coree : ST72
* 58% des SSTI aux USA — Austria: ST30

Figure 1: Global distribution of community-asseciated meticillin-resistant Staphylococcus aureus (CA-MRSA) by multilocus sequence type (5T)
Dotted [ines indicate possible route of dissemination of the CA-MRSA strains. Estimates of the areas are shown in which infections with the main strains—ia, 5T1 (green), T8 {red), 5T30 (bive), and
http://wwwinfedtictpisord:-tiave baen reported. +=Fanton-Valentine leukocidin (FYL)-positive strains. —=FVL-negative strains. e=combination of PYL-positive and PVYL-negative strains.
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Worlwide emergence of cMRSA

Pacific Clone ST20

ST87 ST105 ST129
ST59 ST188
STBB
ST93.. ST72
\ /| MldWEStClone
” /
ST121. _
Southwest Pacific- / =

Oceania Clone \/ //'

At ' European Clone
ST89

ST22

ST25

Diep and Otto, Trends in Microbiol 2008

http://www.infectiologie.org.tn



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

MRSA type NT vanaf 2002 MRSA type NT vanaf 2002
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Why rapid diagnosis of S. aureus pvi*?

P Specific therapeutics EXIST!
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Therapeutic options

Bone JI S. aureus pvl* necrotizing pneumonia

e MSSA e MSSA e MSSA
e Oxacillin for 5 days e Oxacilline + e Oxacillin
e Pristamycin for 5 Rifampicin e and Clindamycin
days e Clindamycin + ¢ OR Rifampicine for
e MRSA : Rifampicin 5 days
e Clindamycin * MRSA: e MRSA
e Pristinamycin * Vanco + Rifampicin e Linezolide for 14
e Alternatives gg;lésr;\dlgir?g.oorr days
e Doxycycline DoxycyZIine . QR Vancomycm and
e Cotrimoxazole . : clindamycin OR
e Clindamycin + Rifampicin for 5
Rifampicin days
e Vancomycin + e Vancomycin +

clindamycin clindamycin

http://www.infectiologie.org.tn Recomman dations IOA 2008 Haute Autorité de Santé



Prevention
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