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Background: P. aeruginosa (PA) is reported as intrinsically resistant to macrolides B““:"a' 5"“;’/‘;;‘? 5“5:?°P‘il"i':‘y_‘°s‘i"9- P. 5‘?’”9’;’:’52 strain A"TCC P‘:O‘ W&S ﬁ‘;“ Micalor ia T MiCIor acainih TEDTA : . nBibl
i icradilntioni i ideli as reference. is a clinical strain overexpressing the 4 main efflux systems (MexAB, s of macrolides agains and E. coli of macrolides in the presence of or of an efflux pump inhibitor
and ketolides when tested by microdilution in broth _accordln_g to CLSI guidelines. MexCD, MexEF, MexXY), PA403 is a laboratory strain deleted in the genes coding for the D! pump
We observed that the MICs of PA to azithromycin drastically decrease when 4 efflux systems (7). A series of reference strains or of clinical isolates for witch the X I P -
assayed in eukaryotic cell culture media. Our aim was to examine how general this le‘?'f%?im“ of g(eneschﬁin% :0" e'ﬂ“X‘ PUTP’:I?S known has b:i" also If‘f(:' for M:v(‘?: PAO1 E3col] =TS = = S = T =
. . . . N eterminations (see Table 1 for genotype). s were measured by microdilution in - . -
effect is for macrolides/ketolides and whether it could be related to modulation of o or in RPMI medium (used for eukaryotic cells culture) supplemented with 10% of MHB RPMI MHB RPMI CT_PABN EGTA | CT PaBN EGTA| CT PaBN EGTA|CT PaBN EGTA|CT PaBN EGTA|cCT PaBN EGTA
outer membrane (OM) permeability. fetal calf serum, or in MH broth supplemented by increasing amounts of serum. EGTA ERY | 512 16 256 | 52 32 32 | 512 32 512 |2 a2 2 [ 16 ND % | 2 7 05
Methods: MICs of 36 clinical and laboratory strains of PA with known efflux lg[}“m)l‘fﬁ;ﬂ:ﬁ nﬁ: :;f::e';:;:g i:gmaidismp“"g outer membrane integrity) and PapN AZM 128 2 4 0.01 CLR |52 8 286 | 32 4 32 |s512 16 28 |16 16 2 |16 ND 32 |4 4 05
phenotype were measured by microdilution in cation-adjusted Muller-Hinton broth (50 mgL) 2 - Az 128 4 8 2 4 025 f256 2 286 |2 2 05 | 8 ND 2 12 2 o1
(CA-MHB) or in RPMI medium (commonly used in eukaryotic cell culture). Phe-Arg- CLR o2 LS & 2 e 2 e |2 4 e ¢ |2 ¢ ] @ 2@ 9 >
H i ihif CEM-101° | 32 8 8 2 2 1 32 4 16 4 4 1 4 ND 1 1 2 0.25
B-naphthylamldle (PaBN, 50 mg/L) and EGTA 5mM used to inhibit efflux pumps and cu 512 512 o . - — - - - —
alter OM integrity, respectively. MIC of macrolides and ketolides Table 3. MIC (mglL) in control conditions (CT), in the presence of PaBN 50 mg/L or EGTA 5 mM. ® wild type strain b clinical isolate
. . . il -( - & c -( - -
Results: The Table shows the results obtained with PAO1 (wild-type), PA12 sains | Eux oxprossion | e womt | e~ vomt | e o | e o | wee o | | Table 2. MICs (mglL) of CLR, AZM, and CLI in MHB and RPMI Z{;’::Jp,;fsﬂ?aex“ffy"ﬁ?ﬁ [EIth IRt gz:stnhf;ﬁf: ir?g)m' MexXY-OprM € A(MexAB-Opri), A(MexCD-Opr) , A(MexEF-Oprh).
(overexpressing 4 efflux pumps), and PA403 (disrupted for genes coding for 5 12 ABSCDVEFsXY+ | 512 32 | 512 16 | 256 2 | 128 4 | 128 4 against PAO1 strain and ATCC 27853 E. coli reference strain. !
efflux pumps). MICs of all molecules were high against PAO1 and PA12 in CA- 434 ABCDXY+ 512 128 [ 512 128 | 512 4 | 128 4 | 128 8 v Effect specific to macrolides v Potential role of efflux/outer membrane permeability
MHB but considerably reduced if tested in either RPMI or in the presence of PagN ::1 :: :::z: :; 16; :1; : zf: f :: : ; : v Effect observed on another Gram(-)
(reaching values close to those of PA403). EGTA reduced the MICs of ketolides in o CDeEFeXYs. gn alor @llm a2l olm 2 . = o p—
CA-MHB and had an additive effect in RPMI. For clinical strains, MICs were r CD+EF+XY+ 512 64 512 32 |26 2 | 128 4 | 128 4 Influence of culture medium on MICs f: e - —FeM
reduced from 2.8 (ERY) to 5.1-fold (TEL) (geometric means) in RPMI vs. CA-MHB. B et N - = - A 2w T @
Conclusions: The susceptibility of PA to macrolides and ketolides is highly 2088 ABsCD S12 64| 512 64| 286 2 | 286 4 26 4 256 I R § =
" i 333A AB+ EF+ 512 64 | 512 64 | 256 2 64 2 [128 2 128 E £ 2
dependent on the culture medium, probably through modulation of efflux pump 335 AB+ EF+ 512 64 512 64 |52 4 |128 4 | 128 2 6 2 R % e
activity and OM integrity. Because RPMI medium more closely mimics the 16 AB+ XY+ 512 32 512 64 | 256 4 [128 4 | 32 4 3 2 o a 5 s °
composition of body fluids than CA-MHB, our data may have direct clinical e LIE0ISE 6B @68 @ e 8| d | 4 S = = ; = :
significance 1688 CD+ XY+ §12 256 | 512 256 [ 512 4 | 286 4 | 128 4 3 &
9 - 133 EF+XY+ 512 64 512 64 | 256 4 [128 4 | 64 4 2 * 1
) 156 EFeXY+ 512 16 512 32 [512 4 [128 2 | e 2 s B T R T o ) EI)
BaCKg und and aim 1 AB+ 512 8 512 32 128 4 128 4 128 2 05&6‘ \‘0‘5 N "é’ Y 9 EE “047?@’ &be Medium + x% of fetal calf serum Medium + x % of human serum
) N X ) K 21 AB+ 512 64 [ 512 64 266 2 | 64 2 | 128 4 A ‘%g‘;*&f;fc&g s wj‘ly & $::}p 2 Figure 3. MICs (mg/L) of AZM in MHB supplemented by fetal calf or
Pseudomonas aeruginosa, a major pathogen in pulmonary infections of 2 cor 512 26 | 512 128 | 512 4 |25 16 |25 8 T \; RPMI:MHB human serum with PAOT strain.
cystic fibrosis or ICU patients, is considered as resistant to macrolides (1). ‘; 'E‘:: Z;§ 58‘ :—: ?; 2:‘ ; 2;6 e 2:5 : Figure 2. MICs (mg/L) of AZM and CLR _ - -
However, macrolides, and azithromycin in particular, are widely used in “ EFe e a2 |25 16 |2 2 | e 2 | 4 :L%:T:m ;r;leaMt:;:; PlfnTgog-rzsm?fan::ZM against PAOT in MHB :?Z:?f:: :r‘/:?;i::smlxlures of RPMI and MH v Lower MIC in « biologically relevant » milieu
such patients and contribute to reduce symptoms associated with infection 4 xvs 512 a2 | 512 32 | 256 2 | 128 4 |28 4 ) . . - .
A . n H o TR 22 Xv+ s12 32 512 32 [256 2 | 128 2 | &4 4 v Effect not dependent on specific RPMI constituents; loss of susceptibility related to MH constituents
and/or inflammation (2, 3). The mechanisms responsible for this activity e lds alles a8l allE alléa o
remain unclear and may include anti-inflammatory effect (4), inhibition of 307 B o 2|16 2|8 1|8 oos|2 1 Conclusion
the production of virulence factors by P. aeruginosa (5), and/or a direct x 2‘; ’f: ‘f 2:: 1 112: f 3: ::5 ‘f ;
effect on the outer membrane of the bacteria (6). 301 er. 26 a3 |2 6|2 o2 e 2 |2 2 (1) Retsema et al,, AAC, 1987, 31:1930-1947. The susceptibility of P. aeruginosa (and perhaps other Gram-negative bacteria) to
. o A q & e R R 2) Sai tal. JAMA. 2003, 290:1749-1756 macrolides and ketolides is highly dependent on the culture medium, probably through
In this context, we have compared the activity of macrolides and ketolides 400 xv. 6 4 |16 4|8 2|8 oz| a4 1 (2) Saimanetal., . e modulation of effl mp activity and of OM integrity. Thus, MICs are considerabl
it Pl S el [ (e exaisdom @ ikl Gl st m m alles ale ale alla a (3) Southern et al., Cochrane Database Syst. Rev., 2003, CD002203 WIEU LB [T EEiviiy) Eli integrity. Thus, M kIl
against Fseu ‘ g P! jomuticregieiiy 20 omph- oo 1 | ot 16| 64 2 | 1 oms| s 2 (4) Labro etal., JAC, 1998, 41 supplB: 37-46 lower in RPMI medium and serum. Since these more closely mimic the composition of
systems and have examined the influence of the medium (broth versus o e e 48 2|8 2|4 1|2 2 (5) Tateda et al., AAC, 2001, 45: 1930-1933 body fluids than CA-MHB, our data may have direct clinical significance.
media used for eukaryotic cell culture, which better mimics biological 39 AB - EF - 4 |6 4 fde 2| 4 0|8 1 (6) Imamura et al., AAC, 2005, 49, 1377-1380
media), on this activity. Rl R el I 8 2 4 05| 4 1 (7) Mima et al., J Bact., 2007, p 7600-09 A 5
Z . 405 | ABCD-EF-XY-[ & 4 8 4 8 2 8 o025 4 1 (8) Lemaire et al., AAC, 2009, 53: 3734 We thank M.C. Cambier and C. Misson for technical assistance.
Table 1. MIC (mg/L) of CLR, AZM, ERY, TEL and CEM-101 in MHB and RPMI for the Hhis WP Was SpportocDy o BIoWr progiam
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