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Abstract

Objective: To characterize methicillin-resistant Staphylococcus aureus

| | _ _ | » A great number of isolates included in this study were CC5- Number (%) of strains per region
(MRSA) stralns respon5|blg for nosocpmlgl pneumonia collectgd during MRSA-SCCmec type I/II/IV (56.1%; 244/435), which was followed G 0 Lafin g
2 Izl [plese [ iz eelizariag Inezelel i venserei. by CC8-MRSA-IV (23.2%; 101/435) and CC239-MRSA-III (11.3%; Clonal complex States  EUrOpe®  Americab  Asiac Total
Methods: 435 MRSA baseline isolates were collected from subjects in 49/435; Table 1). CC5 171 (645) 9(16.4) 30(66.7) 34(50.7) 244 (56.1)
Latin America (6 countries, 45 [10.3%] strains), Europe (10 countries, 55 CC5-MRSA-| 0 (0.0) 3(54) 13(28.9) 0(0.0) 16 (3.7)
[12.6%] strains), including Turkey and Russia, Asia (5 countries, 67 « MRSA strains associated with CC5 (56.1%) originated mostly from CC5-MRSA-I 160 (60.4) 4(7.2) 17(37.8) 34(50.7) 215 (49.4)
[15.4%)] strains), South Africa (3 strains) and the USA (265 [60.9%] the USA (CC5-MRSA-II/IV; 70.1% [171/244]), Asia (CC5-MRSA-II; CC5-MRSA-IV 11 (4.1) 2 (3.6) 0 (0.0) 0 (0.0) 13 (3.0)
strains). Only one isolate per subject was included. PVL genes and 13.9% [34/244]) and Latin America (CC5-MRSA-I/II; 12.3% CC8-MRSA-IV 76 (28.7) 19(345) 1(22) 5(7.5) 101(23.2)
SCCmec types were determined by PCR. All strains were subjected to [30/244]). In addition, this lineage comprised the majority of all CC239-MRSA-II 4 (1.5) 7(12.7) 13(28.9) 22(32.8) 49(11.3)
PFGE and spa typing. Selected strains were evaluated by MLST. Clonal isolates recovered from the USA (64.5%; 171/265), Latin America gg;g'mizﬁ':'\/)” 7()%?; fo(ifégg 8 Eg'gi é((é'?)f 13 8:23;
complexes (CCs) were assigned based on the spa and/or MLST results. 0/ i 0/ - - - : : : : :
Susceptibility testing and interpretations were performed by CLSI and (66.7%: 30/45) and Asia (50.7%; 34/67; Table 1). CC30-MRSA-II 4 (1.5) 1(1.8) 0 (0.0) 0 (0.0) 5(1.1)
EUCAST methods. Inducible clindamycin resistance was assessed by e CC8 MRSA strains were most Commomy observed in the USA CCS9-MRSA-IV 1(04) 0(0.0) 1(2.2) 3 (4.5) 5(1.1)
D-test and isolates screened for heterogeneous resistance to (28.7%: 76/265) and Europe (34.5%; 19/55: Table 1). Among CC8 gg;-mg:ﬁ-:l\/ (1)(8.3) g(g.g) g(g.g) 2((1).(;) 1(8.2)
vancomycin (hVISA; Etest macromethod). S. aureus strains from the USA, 69.7% (53/76) were PVL-positive 7P MRSAIY . 20: 4; 0 Eo:o; 0 50:03 ] Eo:o; ] 20:2;
Results: Overall, most strains were CC5 (56.1%), which originated from (Table 2). All PVL-positive strains showed PFGE profiles CC80-MRSA-IV 0 (0.0) 1 (1.8) 0 (0.0) 0 (0.0) 1(0.2)
the USA (CC5-MRSA-SCCmec Il/1V; 70.1% [171/244]), Asia (CC5- undistinguishable or similar to that of USA300-0114 strain. CC96-MRSA-III 0 (0.0) 1(1.8) 0 (0.0) 0 (0.0) 1(0.2)
MRSA-II; 13.9% [34/244]) and Latin America (CC5-MRSA-I/II; 12.3% o . . CC398-MRSA-III/IV 0 (0.0) 1 (1.8)¢ 0 (0.0) 1 (1.5)f 2 (0.4)
[30/244]). The second and third most prevalent clones were CC8-MRSA- e The vast majority of strains were PVL-negative, except for one Total 265 (60.9) 55(12.6) 45(10.3) 67 (15.4) 435 (100.0)
|\ (232%) and CC239-MRSA-III (113%), respectively. Furthermore, ST80 strain from Greece, one ST96 from RUSSia, one ST59 from a. Includes isolates from Belgium, France, Germany, Greece, Poland, Portugal, Russia, Spain, Turkey and UK.
CC5-MRSA-l/ll clones predominated in Asia (50.7% within this region) Taiwan, one ST8 from Puerto Rico and USA300 strains from the c Incuies aolates rom Hong Kong, Korea, Malayeia, Singapore and Taman.
and Latin America (66.7%), followed by CC239-MRSA-III (32.8% and USA (data not shown). . MRSAstrains gz;gmg:gggmgg ggg .
28.9%, respectively). European strains were CC8-MRSA-IV (34.5%) or f. MRSA strains carrying a SCCmec type Ill.

CC22-MRSA-IV (18.2%) or CC5-MRSA-I/II/1V (16.4%), while USA
MRSA were CC5-MRSA-II/IV (64.5%) or CC8-MRSA-1V (28.7%). Among
USA CC8-MRSA-IINV, 73.7% (56/76) of strains (21.1% of all USA
MRSA) clustered within USA300. Overall, strains were PVL-negative,
except for one ST80 strain from Greece, one ST96 from Russia, one

e The third most prevalent MRSA lineage (CC239-MRSA-IIl) was
commonly observed in Asia (32.8%; 22/67) and Latin America
(28.9%; 13/45), where these strains represented the second most
common clone (Table 1).

Table 1. Clonal distribution of MRSA isolates (unique strains)
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recovered from patients enrolled in the Phase IV pneumonia clinical
trials.

Table 2. Epidemiologic data of baseline MRSA isolates (unique

strains) recovered from subjects in the USA during the Phase IV
pneumonia clinical trial.

ST59 from Taiwan, one ST8 from Puerto Rico and USA300 strains from » Linezolid, vancomycin, teicoplanin, daptomycin and No. (%) SCCmec PVL2 agr PFGE spa CC
. 0 o 0 0 0 1 ) ' _ b
the USA. AII strains were s_usceptlble_to Ilnez_olld and daptomycin, Whl|e quinupristin/dalfopristin demonstrated good antimicrobial coverage 15161(2411-19) II\I/ J_r ; Bgﬁ gc tOOSS, t0f24, t121,“;%11 g
vancomycin and teicoplanin were active against 96.1-99.8% of strains (>99.0% susceptible) against MRSA strains (Table 3) (41.9) - ee footnote
(EUCAST). Susceptibility to gatifloxacin, clindamycin and tetracycline o . . S 17(6.4) 1 R e e
. . . Trimethoprim/sulfamethoxazole also showed high susceptibility 1 (0.4) [ - 2  USA-D t002 5
varied among CCs and regions. hVISA strains (14.5%) were mostly _ _ 5 (1.9 ' _ 5 USA-E {002, 1088 1242, 1985 5
) ) o - rates (295.5% susceptible), except when tested against CC239- (1.9) : , 1088, 1242,
CC5-MRSA-II (635 0; 40/63) from Asia. _ o _ 10 (3.8) Il — 2 USA-E t002. t242. 1895 5
MRSA-III strains (Brazilian/Hungarian clone). 4(1 ;3) ' _ > USA-G {002, 1105, 1985 s
Conclusions: Each region had two predominant clones responsible for 1 (0'4) Y ~ 1 USA.H 008, 3
nosocomial pneumonia. The rate of USA300 (21.1%) appears high, * Atotal of 29.7% (129/435) of the MRSA strains exhibited 2 (0.8) I 2 USA 1002, 12731 5
corroborating previous reports describing increased rates of invasive vancomycin MIC results of >1.5 mg/L by "Etest" and the majority 1(0.4) \Y; - 1  USA-J t008 8
Infections caused by this clone in the USA. The prevalence of hVISA (69.0%; 89/129) originated from the USA (data not shown). These 1(0.4) \Y - 1  USAK t024 8
was elevated in Asia and these strains appear to be associated with the strains (vancomycin MIC, >1.5 mg/L) were mostly represented b 3(1.1) I - 2 USA-L t002 S
CC5 lineage Y 7L y Y 1(0.4) I - 2 USAM (1683 5
' CC5-MRSA-I/II/IV (71.3%; 92/129) followed by lower numbers of t002. t088. 1179 t242 t548
. _ 11 (4.2) \Y - 2 USA-Ne ! ! ’ ’ ! 5
CC8-MRSA-IV (17.1%; 22/129) and CC239-MRSA-III (6.2%; t1062
8/129). 1(0.4) | = 2  USA-O t242 5
I t d t 1(0.4) \Y; - 3 USA-P t922 1
. . - -Of
n rO U C I O n e Overall, 14.5% (63/435) of isolates were characterized as hVISA 110(2)348)) :x ~ 1 ldzAA_g tOOt%,3t264 g
_ _ L _ (data not shown). The occurrence of a hVISA phenotype was 4 (1.5) I _ 1 USA-S {037 239
Staphylococcus aureus is a leading cause of human bacterial infections higher among isolates recovered from Asia (44.8%: 30/67) 1 (0'4) I\ ~ 1 USA.T {008 3
worldwide, many of which are caused by methicillin-resistant S. aureus . . o O o 1(04 I _ 5 USA-U 105 5
(MRSA). Bacteremia is one of the most serious syndromes caused by fO||(§)\|Ned by_LaEn America (02?'2 /;)2 10/45), Europe (16.4%; 9/55) 2 20:8; \V, _ 1  USA-V t008 g
MRSA, especially in healthcare settings. In addition, S. aureus is the most and lowest in the USA (5.3%; 14/265). 1 (0.4) 1 - 2  USA-W t1080 5
common pathogen responsible for hospital- (HABP) and ventilator- . . . . . 7 (2.6) | - 1/NT USA-X9 t004, t040, t266, t9362 45
acquired bacterial pneumonia (VABP) and accounts for 10 - 40% of these The Téjonty of r;VIIISA strains were assoclated W'thOC_C5'MRSA'I/ : 4 (1.5) I - 3 USA-Y" 012, 1018 30
cases. A recent report from the International Nosocomial Infection Control (63.5%; 40/63), 1o O\éve_d by CC239-MRSA-III (17.5%; 11/63) and 1(0.4) vV - 1 USAZ t008 8
Consortium (INICC) described that 77.5% of S. aureus VABP episodes CC8-MRSA-IV (11.1%; 7/63). A great number of CC5-MRSA-II 1 Eg'jg :: ] g Sgﬁ:ﬁﬁ‘ tt1100854 2
were caused by methicillin-resistant strains [Rosenthal et al., 2008]. strains were from Asia (70.0%; 28/40), which clustered within the 1 (0.4) ’ e oG e -
These facts, along with complicating risk factors, comorbidity and ASI-A PFGE type (78.6%; 22/28; data not shown). 1(0.4) W - 1 USA-AE t316 59
mortality (between 40 and 60%), result in extended hospitalizations, 1 (0.4) \Y; - 1 USA-AF t9350 72
escalated health care costs, and the requirement of potent, broad- I . 2 (0.8) \Y - 1 USA-AG t451, 16863 8
spectrum antimicrobial agents often used in expensive combination CO n C u S | O n S b E\Fch;EegfosﬁEnﬁﬂg};?m?ﬂgfékgf Similar o USA300,
regimens. ;'. gggﬁsprfsrliieunrlgf ﬂggsu;izhgf,'eesoé?? itlgrltt)(? t%iglt%%i t071, t088, t149, t179, t242, t306, t509, t548, t570, t854, t895,
From October 2004 through January 2010, a phase IV randomized, » The majority (56.1%) of the MRSA strains included in this study e PROE brofiles undisinodishabie or simiiar &6 USAB00.
double-blind, multicenter, international, comparator-controlled study to belonged to CC5. However, two major clones predominated in g EESEEIﬁI:Iii 323:23233:2225:? o :m:g :3 322288
assess the e_ﬁicacy, Safe_ty _and tolerability_of fixed-dose linezolid, each region_ In Asia and Latin America, CC5-MRSA-I/II h gllzgg prog:es ung?sgngu?sﬂag:e or s?m?:ar :o Bgﬁiggo
compared with dose-optimized vancomycin for the treatment of proven predominated followed by CC239-MRSA-III, while in the USA i PFGE profiles undistinguishable or similar to USATO0. |

MRSA nosocomial pneumonia (NP) in hospitalized adults was performed
[Wunderink et al., 2012]. In this clinical trial, a significantly better clinical
cure rate was observed with linezolid (58%) when compared with
vancomycin (47%). Favorable results were also obtained for linezolid
(58%) in terms of microbiological cure rates compared with vancomycin

and Europe the CC5-MRSA-II/IV and CC8-MRSA-IV prevaliled,
respectively, each followed by the CC8-MRSA-IV and CC22-
MRSA-IV clones.
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strains), initially associated with community-acquired infections,

. except for one CC1-MRSA-IV strain.
Materials and Methods | |
» A greater proportion of USA300 MRSA strains (21.1%; 56/265)

were responsible for NP in the USA. This observation 4.
corroborates previous reports (16 - 22%) with regards to the
Increased occurrence of invasive infections caused by this clone
In the USA. In addition, higher fluoroguinolone (67.9%) and 5.
lincosamide (14.3%) resistance rates were observed among
these USA300 strains.

Bacterial strains: A total of 435 microbiologically evaluable baseline
MRSA isolates collected from subjects with NP were further characterized
(one strain per subject). These isolates were predominantly collected from
enrolled subjects (No., %) in the USA (265, 60.9%), followed by a lower
number of subjects from the following countries: Korea (44, 10.1%), Brazil
(18, 4.1%), Belgium (18, 4.1%) Taiwan (15, 3.4%), Russia (13, 3.0%),
Mexico (10, 2.3%), Portugal (8, 1.8%), Chile (8, 1.8%), France (8, 1.8%),
Malaysia (6, 1.4%), Puerto Rico (5, 1.1%), South Africa (3, 0.7%),
Colombia (3, 0.7%), Spain (2, 0.5%), Germany (2, 0.5%), and one (0.2%)
strain each from Singapore, Greece, Poland, United Kingdom (UK),
Argentina, Hong Kong, and Turkey.

* The prevalence of hVISA among the tested isolates was
significant (14.5%). However, this phenotype necessitates
confirmation by other reference methodologies, such as
population analysis. The strains with a hVISA phenotype were
mostly observed in the APAC region, and these strains belonged 8.
mostly to a single PFGE cluster (ASI-A).

Antimicrobial susceptibility testing: Isolates were tested for
susceptibility by broth microdilution in cation-adjusted Mueller-Hinton
medium according to the Clinical and Laboratory Standards Institute
(CLSI) recommendations [CLSI MO7-A9, 2012]. Quality assurance was
performed by concurrent testing of CLSI-recommended [CLSI M100-S22, Hidalgo RF, Medeiros EA, Kanj SS, Abubakar S, Nercelles P, Pratesi RD (2008).
2012] strains: Enterococcus faecalis ATCC 29212 and S. aureus ATCC International Nosocomial Infection Control Consortium report, data summary for
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Inducible clindamycin resistance was detected using the D-test disk
diffusion method according to CLSI. Briefly, a 2-ug clindamycin disk was
placed 15 mm from the edge of a 15-ug erythromycin disk. Following
Incubation, isolates that showed flattening of the clindamycin zone were
considered D-test positive. The hVISA phenotype was screened by the
Etest macromethod.
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SCCmec typing and detection of PVL genes: SCCmec types (I
through VI) were characterized using a multiplex PCR strategy [Milheirico
et al., 2007]. Strains showing inconclusive SCCmec typing results were

Table 3. Antimicrobial susceptibility testing results of baseline MRSA clinical isolates (unique strains) recovered during the Phase |V pneumonia

clinical trial.

) S Antimicrobial MIC.,/MICy, (% susceptible?) by CC (No.) MIC.,/MICy, (% susceptible?) by USA clone (No.)
subjected to a secondary strat_egy proposed by Ollvelra_ et al. [2096]. PVL agent 5 (244) 8 (101) 239 (49) 45 (14) 22 (10) USA300 (56) USAL00 (111)
(lukF-PVand lukS-PV) screening was performed by using a multiplex Linezolid 2/4(100.0) 2/2(100.0) 2/2(100.0) 2/4(100.0) 2/2(100.0) 2/2(100.0) 2/4(100.0)
ZRgf(l)']T'me (RT) PCR approach as previously aescribed (Mendes et al., Vancomycin 1/1(100.0) 1/1(100.0) 1/1(100.0) 1/1(100.0) 1/1(100.0) 1/1(100.0) 1/1(100.0)

' Teicoplanin 0.5/2(99.6) 0.5/1(100.0) 1/2(100.0) 0.5/2(99.6) 0.5/1(100.0) 0.5/1(100.0) 0.5/1(99.1)
Epidemiologic typing of MRSA: Chromosomal DNA was subjected to Daptomycin 0.5/1(100.0) 0.5/1(100.0) 0.5/1(100.0) 0.5/1(100.0) 0.5/1(100.0) 1/1(100.0) 0.5/1(100.0)
pulsed-field gel electrophoresis (PFGE) after digestion with Smal Erythromycin >64/>64(1.2) 64/>64(8.9) >64/>64(0.0) >64/>64(1.2) >64/>64(40.0) 64/>64(1.8) >64/>64(0.0)
[McDougal et al., 2003]. All strains were subjected to spa typing [Shopsin Clindamycin >64/>64(4.5)b 0.25/64(62.4)c >64/>64(0.0)¢ >64/>64(57.1)¢ 0.12/>64(40.0)f 0.25/0.25(85.7)9 >64/>64(0.0)"
et al., 1999]. Clonal complexes (CCs) were assigned based on the spa Gatifloxacin >16/>16(4.9) 2/16(28.7) 4/16(0.0) >16/>16(4.9) 8/16(0.0) 2/8(32.1) 8/>16(2.7)
and/or multilocus sequence typing (MLST) results [Enright et al., 2000]. Tetracycline 0.5/64(87.3) 0.25/1(93.1) 32/>64(2.0) 0.5/64(87.3) 0.25/0.5(100.0) 0.25/0.5(98.2) 0.5/1(98.2)
MRSA strains with spa typing results previously associated with specific Q/D 0.5/1(99.6) 0.25/0.5(99.0) 0.5/0.5(100.0) 0.5/1(99.6) 0.25/0.25(100.0) 0.25/0.25(100.0) 0.5/0.5(100.0)

MLST in the MLST-mapping database (http://spa.ridom.de/mlst) or peer-
reviewed publications had the CCs assigned accordingly. Strains with new

TMP/SMX

0.12/0.25(98.0) 0.06/0.5(90.1) 16/>32(18.4) 0.12/0.25(98.0) 0.06/0.06(100.0) 0.06/0.12(100.0) 0.12/0.25(95.5)

a. MIC values were interpreted according to the M100-S22 document.
. Non-susceptible strains are represented by 73.0% and 22.5% of constitutive and inducible resistance phenotypes, respectively.

spa typing denominations and unknown MLST associations, but clustering b i i titu lindu _ ,
o .. . . c. Non-susceptible strains are represented by 31.6% and 6.0% of constitutive and inducible resistance phenotypes, respectively.

within PFGE types Contalnlng strains with known CC rESU|tS, were d. Non-susceptible strains are represented by 81.6% and 18.4% of constitutive and inducible resistance phenotypes, respectively.

: " ; : e. Non-susceptible strains are represented by 42.9% of constitutive resistance phenotypes.

aSSIQ_ned the same CCS MLST was performgd _In a glven Stljam When f.  Non-susceptible strains are represented by 20.0% and 40.0% of constitutive and inducible resistance phenotypes, respectively.

ShOWIﬂg Spa type with unknown MLST association and a unigque PFGE g. Non-susceptible strains are represented by 10.7% and 3.6% of constitutive and inducible resistance phenotypes, respectively.

. h

type. The agr operon from MRSA isolates were typed (groups 1 through 4) .

J-

. Non-susceptible strains are represented by 66.7% and 33.3% of constitutive and inducible resistance phenotypes, respectively.
Q/D, reads quinupristin/dalfopristin.
using a multiplex PCR approach [Mendes et al., 2010].

TMP/SMX, reads trimethoprim/sulfamethoxazole.
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