Tigecycline Activity Tested against Infrequently Recovered Clinical Species of Non-enteric Gram-negative Bacilli
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Conclusions: Tigecycline showed potent in vitro activity against
many NEGNB for which there are very limited therapeutic options and
susceptibility data to guide therapy. Against S. maltophilia, tigecycline
activity was comparable to that of TMP/SMX. The results of this study
indicated that tigecycline may have an important role in the treatment
of infections caused by these species.

INTRODUCTION

Non-enteric Gram-negative bacilli (NEGNB) occur in moist
environments and are ubiquitous in nature, particular in soil
and water. These bacterial species can contaminate the
hospital environment and spread horizontally through fomites
or healthcare workers, and frequently cause hospital
outbreaks. As nosocomial opportunists, these organisms
rarely affect healthy persons, but cause infections in
immunocompromised hosts and those with severe underlying
medical conditions.

which is necessary for testing tigecycline. Comparator agents
included meropenem, ceftazidime, piperacillin/tazobactam,
ticarcillin/clavulanate, amikacin, tobramycin, levofloxacin,
trimethoprim/sulfamethoxazole (TMP/SMX) and polymyxin B.

Validation of the minimum inhibitory concentration (MIC)
values was performed by concurrent testing of CLSI-
recommended (M100-S20, 2010) quality control (QC) strains:
Enterococcus faecalis ATCC 29212, Staphylococcus aureus
ATCC 29213, Escherichia coli ATCC 25922 and P.
aeruginosa ATCC 27853.

Categorical interpretation of comparator MIC values were
performed according to CLSI (M100-S20, 2010) criteria, when
available. Tigecycline breakpoints approved by the USA-FDA
for Enterobacteriaceae (<2 mg/L for susceptible and =8 mg/L
for resistant) were applied for comparison purposes only. MIC
ranges for tigecycline and comparator agents tested against
ATCC QC strains were those published in the CLSI M100-
S20 (2010) document.
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Table 1.

ABSTRACT Pseudomonas  spp.,  Acinetobacter baumannii  and RESULTS « Tigecycline (MICgyq, 0.25/0.5 mg/L) and levofloxacin Table 2. Activity of tigecycline and comparators tested again_st most common non-enteric Gram-neggtive be_acilli clinical isolates
ﬁ?gﬁg)eggmo%g?sle %?ltgggtlgfem?éein tirigs ii:ji(i)ii'cedlmgt(i)étiaigt (MIC5p90; <0.5/=0.5 mg/L) were the most active collected as part of the SENTRY Antimicrobial Surveillance Program over a seven year sampling period (2003-2009).
. . . - _ In additi g . d Burkholderi P ap | ' » o _ _ _ Compounds tested against Aeromonas spp., inhibiting Organism MIC (mg/L) % %  Organism MIC (mg/L) % %  Organism MIC (mg/L) % %
Objectives: To assess tigecycline activity and potency against non- n a_ imon, . aerugmosa_ an .UI’ \ 0 _e”a cgepama Com_p ex e S. maitephiiia represented the majority of isolates in this 0 . < . Antimicrobial agent 50% _ 90% Susceptible? Resistanta Antimicrobial agent 50% _ 90% Susceptible? Resistanta Antimicrobial agent 50% _ 90% Susceptible? Resistant?
enteric Gram-negative bacilli (NEGNB) clinical isolates. NEGNB are important pathogens in cystic fibrosis patients. Infections : : . 56.29%). Oth . d included 99.5 and 98.6% of isolates at <2 mg/l—r respectlvely Stenotrophomonas maltophilia (1,685) ] . Achromobacter xylosoxidans (130) ] . Chryseobacterium indologenes (26) ] ]
usually display multidrug-resistance (MDR) phenotype due to caused by NEGNB have significant morbidity and mortality, Investigation ( - _0)- ther organisms tested Include (Tables 1 and 2). Tigecycline 05 2 95.5 0.8"  Tigecycline 05 2 95.4 0.0°  Tigecycline 4 >4 461 19.2
upregulated efflux and chromosomal B-lactamases belonging to owing to the compromised nature of the patients rather than non-baumannii Acinetobacter spp. (9.2%), Aeromonas . '(\:"eefftzzzfi;"; ;g >>186 4;"1 o1 '(\:"eefftzzﬁii;”; 0-55 146 233 ig '(\:/'eefftzr;iii;"; >48 >>186 ;g: ﬁ;
Classes A, B, C or D, limiting the therapeutic options for treating the inherent pathogenicity of the organisms. Moreover, many spp. (7.0%), B. cepacia (6.6%), Pseudomonas * Only meropenem (MICsqo, 2/4 mg/L; 93.9% e enate 3 ivs an7 248 | Pporacilinfzobactam 1 8 o4 38 piperacilimtazobactam 48 62 o
infections caused by these organisms. Tigecylcine has demonstrated a NEGNB species are intrinsically resistant to multiple fluorescens/putida  (6.4%) and  Achromobacter susceptible) and TMP/SMX (MICgyq, <0.5/2 mg/L Amikacin 232 532 _ _ Amikacin 232 »30 123 808  Amikacin 232 s32 115 577
broad spectrum of activity against Gram-positive and -negative antimicrobial agents (MDR) and capable of acquiring _ ' 93.9% susceptible) exhibited good coverage (>90% Levofloxacin 1 4 83.3 82  Levofloxacin 2 >4 60.8 16.2  Levofloxacin <05 >4 73.1 23.1
bacterial pathogens, including many MDR isolates. additional resistance mechanisms, affecting drugs that are xylosoxidans (4.3%) among others (Table 1). susceptibility) against B. cepacia. Tigecycline (MIC TMP/SMX¢ <05 1 96.1 39  TMP/SMX <05 1 91.5 85  TMP/SMX <05 2 96.2 3.8
- N : ' : : 50/907 i < - - i . 6.9 i . 92.3
Methods: A total of 2,996 ciinically-significant isolates of NEGNB (23 Usually active. | BN e G e GRS i e 1/4 mg/L; 84.8% inhibited at <2 mg/L) and ceftazidime | cnewbacerson @70r | pecudomonas 5. G Noalgones cecais @3
species) were collected from 142 hospitals in 32 countries as part of Given the compromised affected patient population, intrinsic gecy 50/907 *- gL, ¥9.970 - (MIC 4/16 mg/L; 88.4% susceptible) were less Tigecycline 012 05 99.6° 04" Tigecycline 025 2 95.2° 0.0°  Tigecycline 05 2 91.3° 0.0°
the SENTRY Antimicrobial Surveillance Program over a seven year resistance and that susceptibility testing methodologies are mg/L) and TMP/SMX (MICgyq, <0.5/1 mg/L; 96.1% R NgiL, co.47 P Meropenem 025 2 94.6 25 Meropenem <012 2 91.6 36  Meropenem <012 >8 82.6 13.0
sampling period (2003-2009; North America [32.1%)], Europe [26.8%], not standardized for some of these organisms, appropriate susceptible) were very active against S. maltophilia activity against this species (Tables 1 and 2). Ceftazidime 4 >16 797 152  Ceftazidime <1 4 94.0 48  Ceftazidime 2 >16 783 21.7
Asia-Pacific region [23.4%] and Latin America [17.7%]). Isolates were broad-spectrum empiric therapy strategies are crucial. ) ' _ _ o Piperacillin/tazobactam <0.5  >64 83.7 138  Piperacilinftazobactam 2 16 95.2 2.4 Piperacilinitazobactam <05  >64 82.6 13.0
submitted to a coordinator laboratory where species identifications Tigecycline is approved in the United States (USA) and (Tables 1 and 2). Levofloxacin (MICgqqo, 1/4 mg/L; * Tigecycline (MICgyq0, 0.5/2 mg/L; 95.4% inhibited at <2 ﬁmfi(iCi"_i”/s“'baCtam S22 >;6 gg'g 15156 fmik]fi‘d” , 345 f z;'g g':i fmik;‘Ci” , 345 >342 ;g'z i;g
. . . . . . . . . . . <0. . . <0. > . .
were confirmed using standard algorithms and Vitek 2, and tested for Europe for the treatment of complicated skin and skin 83.3% susceptible) was two- and four-fold less active mg/L), meropenem (MICgyq, 0.25/4 mg/L; 93.8% ool w5 4 gss 72 | TMPISMK. wr v a1 253 ook w05 -2 870 13.0
susceptibility against tigecycline and comparators by reference CLSI structure infections (SSSI) and intra-abdominal infections than tigecycline and TMP/SMX against S. maltophilia, susceptible), piperacillin/tazobactam  (MICsyq,, 1/8 TMP/SMX 0.5  >2 84.8 152 Polymyxin B st = 95.2 4.8 Polymyxin B <05 4 87.0 4.3
methods (MO7-A8, 2009). CLSI interpretative criteria were applied (IAl). Tigecycline possesses a proven broad-spectrum of iivelv (Table 2 mg/L; 95.4% susceptible) and TMP/SMX (MICcgy00 Polymyxin B 05 1 98.2 1.8 Pasteurella multocida (53) b ,  Rhizobium radiobacter (18) b b
when available. activity against numerous bacterial pathogens, including respectively (Table 2). <05 IEI. Tl S 5% s wEe (e agtive Aeromonas spp. (211 b _ Tigecycline <0.06 012  100.0 0.0°  Tigecycline 012 05  100.0 0.0
Results: Isolates were recovered mostly from bacteremia (58.1%), aerobic and anaerobic species. In this study, we evaluated _ _ o " gi P q >CEP | » N iﬂ'gecyc"”e g'gg °i5 297'52 (;g '(\:"ef“’pii‘em 52'112 50;2 igg'g 8'8 '(\:"ef“’p_edr_‘em 53';2 0'12: 14(110;10 10607
pneumonia (29.7%) or skin and skin structure infections (10.4%). the activity and potency of tigecycline tested against a « Tigecycline (MICgq/q, 0.12/0.5 mg/L; 99.6% inhibited at compounds tested against A. xylosoxidans (Tables 1 Csfrtzzzl‘;”; 2 oo - Pii;;?;i:ilmiazobactam B oo P;;ilzlciii:uiazobactam . >16 ora o
Tigieif:)yclinde was mo'sAt gctivebagainst Pas(ti\(jiij(r:ella (;n;ltoci/(ijj (XIICQO, 0.12 pllfnlcally-?ilgnlflcant gril\iiEGV\i/\ioigldWIde collection of several <2 mg/L) was the most active compound tested against and 2). Pperacilinfiazobactam 8 64 63.8 167 | Amikecin s 16 981 00 Amikacin 6 16 1000 0.0
mg/L) and various Acinetobacter spp. g0» 0.5 mg/L). Aeromonas infrequently recovere : non-baumannii  Acinetobacter s followed b L _ _ Amikacin <4 8 96.7 24 Levofloxacin <05 <05  100.0 0.0 Levofloxacin <05 1 100.0 0.0
spp., Rhizobium radiobacter, Ralstonia pickettii and Sphingomonas ) _pp" 0 ) y » High in vitro potency was noted for tigecycline and most Levofloxacin <05 <05 98.6 1.4 TMP/SMX <0.5 <05 100.0 0.0  TMP/SMX <05 >2 83.3 16.7
paucimobilis were also very susceptible to tigecycline (MICy, 0.5 polymyxm B (M|C5O/90, <0.5/1 mg/L, 98.2% SUSCthlble), comparator agents when tested against Pasteurella TMP/SMX <05  >2 86.3 13.7  Polymyxin B <1 2 92,5 3.8  Polymyxin B <1 >4 72.2 16.7
mg/L). In contrast, Burkholderia cepacia, P. fluorescens/putida, MATERIALS AND METHODS meropenem (M|C50/90, 0.25/2 mg/L, 94.6% SUSCGptiblE) multocida and Pseudomonas spp (P mendocina. P Poiz/iini/;(inB ( )51 >4 66.8 30.3 EIizabetrikingia meningosepticum (39) .6 g Ralstonizilpickettii (17) 100.0° oo
; ; A _ . . . ) ) ) : : z : Burkholderia cepacia (198 Tigecycline 2 >4 . . Tigecycline 0.25 0.5 . .
Chryseobacterium spp. and Elizabethkingia spp. (MICgy, 4 — >4 mgiL) and amikacin (MICgyq0, 2/8 mg/L; 92.0% susceptible; oryzihabitans and P. stutzeri; Table 2). Tigecycline 1 4 84.8" 5.6°  Meropenem >8  >8 2.6 97.4  Meropenem >8  >8 294 52.9
50/90 y ;
gl\?lli]gra”y Oe)éli]lzblted/i_?lg\sla;;d.tiig.g.cyglme <|\2/”C i/La|UeSa .TlgehCyCI!ne/ Bacterial isolates. A total of 2,996 isolates of NEGNB (23 Tables 1 and 2) Meropenem 2 4 93.9 35 Ceftazidime >16  >16 5.1 949  Ceftazidime 8 >16 52.9 11.8
(MICs0/90, O. mg/L; 95.5% inhibited at <2 mg/L) and trimethoprim species) were collected from patients in 142 hospitals in 32 ' « Among Alcaligenes faecalis, the highest tigecycline MIC Ceftazidime 4 16 88.4 5.6  Piperacilintazobactam 4 32 89.7 0.0  Piperacilin/tazobactam 8  >64 70.6 11.8
sulfamethoxazole (TMP/SMX)  (MICgyq, =0.5/1 mg/L; 96.1% : f th imicrobial il ) N Ticarcilin/clavulanate  >128 >128 4.5 89.9  Amikacin 532 >32  12.8 59.0  Amikacin 532 >32 412 58.8
susceptible) were the most active compounds tested against countries as part of the SENTRY Antimicrobial Surveillance value was 4 mg/L, and 91.3% of strains were inhibited Amikaci 532 >32 - Tobramyci >16  >16 0.0 100.0  Levofloxaci <05 <05  100.0 0.0
Stenoi)rophomonas maltophilia; while ceftazli)dime (MIC 196/>16 Program over a seven year sampling period (2003-2009). at <2 mg/L (Table 1) Lg\]llosgi(r;cin 2 >4 7;.7 12.6 Lgvc:iig:rn <05 4 87.2 77 Ti/\l/g/;iia)‘fm ;0:5 1 94.1 5.9
_ ; ' : 5090+ Isolates were collected in a prevalence mode and mostly from ' < :
mg/i_’ 45.1% Susceptibie)’ levofloxacin (MICSOIQO' 1/4 mg/i_’ 83.3% . o ) o o . TMP/SMX <0.5 2 93.9 6.1 TMP/SMX 1 >2 64.1 35.9 Polymyxin B >4 >4 5.9 94.1
susceptible) and ticarcillin/clavulanate (MICsy0,, 32/>128 mg/L; 38.7% bacteremia (58.1%), pneumonia (29.7%) or SSSI (10.4%) in SELECTED REFERENCES » The highest MIC value observed for tigecycline when Polymyxin B >4 >4 B - PolymyxinB >4 >4 0.0 100.0° Ochrobactrum anthropi (14) b b
susceptible) showed more limited activity aggirsigt this organism ’ hospitalized patients in North America (USA,; 32.1%), Europe i ) ) ) Pseudomonas fluorescens/putida (191) i . Sphingomonas paucimobilis (32) ) . Tigecycline 0.5 1 100.0 0.0
MIC (mg/L) .MIC (mg/L) (26.8%), Asia-Pacific region (23.4%) and Latin America o _ tested against R.hIZObIU.m radl_Ob_aC:ter was 0.5 mg/I— Tigecycline 2 >4 75.4 14.1°  Tigecycline 012 05 100.0 0.0 Meropenem 05 2 100.0 0.0
carsn oy S5 opwen ma _ Sp'i (7.7%). Baclerial species deniifcaions were confimed 1 Cingh o sbon Seans e G009, WoTa e o Furhermore, figecyoline. inibied _all _tested |yemen 3 or om0 uewmm wm o oms G g oow oo om0
- - H H H ; . . . . ertaziaime . . ertaziaime > . . Iperacillin/tazobactam > > . .
pevomobacieryosoxdans (130) 05 2 - Ochvabactium antiop (14 ¥ o, (g standard algorithms and the automated Vitek 2 system approved standard - seventh edition. Wayne, PA: CLSI. Ochrobactrum  anthropi, Ralstonia  pickettii, and | 5o cintaobactam 16 32 737 89 Pperaciintazobactam 2 64 750 63  Amiaci 5 w2 7 71
A. junii (47) 012 05 Pseudomonas spp. (83)° 025 2 (bioMerieux, Hazelwood, Missouri, )- 2. Clinical and Laboratory Standards Institute. (2010). M100-S20, Sphingomonas paucimobilis isolates at <1 mg/L Amikacin <4 <4 100.0 0.0  Amikacin 4 3 84.4 3.1  Levofloxacin <05 <0.5 92.9 7.1
A. Iwoffii (216 025 05 P.fi Joutida (191 2 4 . . s . . Performance standards for antimicrobial susceptibility testing, 20th Levofloxacin <0.5 2 100.0 0.0  Levofloxacin <0.5 4 84.4 6.3  TMP/SMX <05 <0.5 92.9 7.1
Aervgrc:m"n;ss;p. (211)2 025 0.5 Ralsutz:i;(:isie?tlitl(;)( ) 0.25 5.5 AntImICtOiJial susceptibility testing. A” IS.OIaj[eS were tested .for informational supplement. Wayne, PA: CLSI. (Table 1)' TMP/SMX >2 >2 211 78.9  TMP/SMX 0.5 <05 93.8 6.3 Polymyxin B 2 >4 71.4 14.3
Alcaligenes faecalis (23) 05 2  Rhizobium radiobacter (18) 012 05 susceptl_blllty by reference broth mlcro_dllutlon methods using 3. Daxboeck F, Assadian O, Blacky A, Koller W, Hirschl AM (2004). . Ti lin demonstrated  limited tivit inst Polymyxin B <05 >4 89.5 105  Polymyxin B 2 >4 59.4 375
Burkholderia cepacia (198) 1 4 Sphingomonas paucimobilis (32) 012 0.5 the Clinical Laboratory Standards Institute recommendations Resistance of Gram-negative non-fermentative  bacili  causing GeyiEline Elemersleliz o elEiny egfellns a.Breakpoint susceptibilty criteria as published by the CLSI M100-S20 document (2010).
E:gzz:zgtel;ﬁ:igofierie;iﬁzg) ‘o Stenotrophomonas maltophia 05 2 (CLSI; M07-A8, 2009). Susceptibility testing was performed bloodstream infection, Vienna, 1996-2003. Eur J Clin Microbiol Infect Dis Chryseobaictgrlum |r_1dologen_es (MICsp/90, 4/>4 mglL), o L niwates no braakpoint eriteria e availabie or the respective arugiorganem compination. - oo oY (e DDA WEre Sppiadior comparison pupases ony:
i HOSED . — . - by using validated broth microdilution panels manufactured 23: 415-6. Elizabethkingia meningosepticum (MICgyq,, 2/>4 mg/L) d. TMP/SMX, trimethoprim/sulfamethoxazole.
a. Includes A. caviae (34), A. hydrophila (118), A. salmonicida (1), A. sobria (15), A. veronii (6) and Aeromonas . . e | | d Oh 4. Livermore DM (2005) Tigecveline: What is it. and where should it be ; 5 e. Includes A. haemolyticus (13), A. junii (47) and A. lwoffii (216).
b frfcpiijé?éz)-p mendocina (14), P. oryzihabitans (27) and P. stutzeri (42) BySA-\r)REKd Di:agnﬁStICS SySt%mf\fiseiiSItltHre t(C e\i;e ?i? ’(MHéO)’ ' used? J Antimicrob Chi:—:mc?theyr 56 éll 614 ' and P fluorescenS/putlda (MICSOIQO' 2/>4 mg/L, Table 1) f. Includes A. caviae (34), A. hydrophila (118), A. salmonicida (1), A. sobria (15), A. veronii (6) and Aeromonas spp. (37).
' ' t ' ' an resnly prepare ueller-ninton ro , / . : . g. Includes P. mendocina (14), P. oryzihabitans (27) and P. stutzeri (42).

SENTRY Antimicrobial Surveillance Program (2003-2009).

MIC distribution of tigecycline tested against non-enteric Gram-negative bacilli clinical isolates collected as part of the

Number (cumulative %) inhibited at tigecycline MIC value (mg/L) of:

Organism group (number tested; % of total) <0.06 0.12 0.25 0.5 1 2 4 >4
Stenotrophomonas maltophilia (1685; 56.2) 2(0.12) 29(1.8) 211(14.4) 626(51.5) 547(84.0) 195(95.5) 61(99.2) 14(100.0)
Acinetobacter spp.2(276; 9.2) 42(15.2) 97(50.4) 94(84.4) 27(94.2) 12(98.6) 3(99.6) 0(99.6) 1(100.0)
Aeromonas spp.? (211; 7.0) 1(0.5) 37(18.0) 108(69.2) 52(93.8) 11(99.0) 1(99.5) 1(100.0) -
Burkholderia cepacia (198; 6.6) 2(1.0) 2(2.0) 12(8.1) 53(34.8) 64(67.2) 35(84.8) 19(94.4) 11(100.0)
Pseudomonas fluorescens/putida (191; 6.4) 1(0.5) 9(5.2) 14(12.6) 22(24.1) 44(47.1) 54(75.4) 20(85.9) 27(100.0)
Achromobacter xylosoxidans (130; 4.3) 4(3.1) 5(6.9) 13(16.9) 67(68.5) 25(87.7) 10(95.4) 6(100.0) -
Pseudomonas spp.© (83; 2.8) 7(8.4) 25(38.5) 22(65.1) 9(75.9) 7(84.3) 9(95.2) 4(100.0) -
Pasteurella multocida (53; 1.8) 44(83.0) 6(94.3) 2(98.1) 0(98.1) 0(98.1) 1(100.0) - -
Elizabethkingia meningosepticum (39; 1.3) 0(0.0) 0(0.0) 0(0.0) 1(2.6) 8(23.1) 17(66.7) 8(87.2) 5(100.0)
Sphingomonas paucimobilis (32; 1.1) 12(37.5) 8(62.5) 8(87.5) 1(90.3) 3(100.0) - - -
Chryseobacterium indologenes (26; 0.9) 0(0.0) 0(0.0) 2(7.7) 3(19.2) 5(38.5) 2(46.1) 9(80.8) 5(100.0)
Alcaligenes faecalis (23; 0.8) 1(4.3) 4(21.7) 4(39.1) 3(52.2) 8(87.0) 1(91.3) 2(100.0) -
Rhizobium radiobacter (18; 0.6) 2(11.1) 7(50.0) 6(83.3) 3(100.0) - - - -
Ralstonia pickettii (17; 0.6) 0(0.0) 2(11.8) 9(64.7) 5(94.1) 1(100.0) - - -
Ochrobactrum anthropi (14; 0.5) 0(0.0) 0(0.0) 3(21.4) 7(71.4) 4(100.0) — — —

a. Includes A. haemolyticus (13), A. junii (47) and A. Iwoffii (216).

c. Includes P. mendocina (14), P. oryzihabitans (27), and P. stutzeri (42).

b. Includes A. caviae (34), A. hydrophila (118), A. salmonicida (1), A. sobria (15), A. veronii (6) and Aeromonas spp. (37).

CONCLUSIONS

» Tigecycline showed potent in vitro activity against many
NEGNB for which there are very limited therapeutic
options and susceptibility testing data to guide therapy.

« Against S. maltophilia, tigecycline activity was
comparable to that of trimethoprim/sulfamethoxazole.

* The results of this study indicated that tigecycline may
have an important role in the treatment of infections
caused by these NEGNB species.
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