The in vitro Potency of Tigecycline and Comparators Against Multidrug

Revised Abstract

Objectives: Tigecycline (TIG) is a new
glycylcycline with enhanced activity
against many multidrug resistant
(MDR) pathogens including ESBL and
AmpC producing Enterobacteriaceae,
methicillin-resistant S. aureus (MRSA),

carbapenem resistant Acinetobacter
and fluoroquinolone resistant gram-
negative rods. The TEST study

evaluated the activity of TIG and
comparators to pathogens in Canada
2004-2008. Methods: A total of 2578
pathogens were collected from 25
participating sites in Canada from
2004-2008. Isolates were identified to
the species level and CLSI specified
MICs were performed at each site.
CLSI or FDA breakpoints were used,
where applicable, to determine %
susceptibility. Results: Tigecycline MICs
are recorded in the following table:

Organisms (n=2578) Tigecycline MICs (mcg/ml)

MIC, MIC,, Range
Acinetobacter spp (n=204) 0.12 1 0.015-2
Enterobacter spp. (n=356) 0.5 1 0.12-8
E. coli (n=384) 0.12 0.5 <0.008 —2
Klebsiella spp. (n=371) 0.5 2 0.12-16
ESBLs (n=14) 1 2 0.25-2
Enterococcus spp. (n=230) 0.06 0.12 0.03-0.25
VREs (n=9) 0.03 0.06 0.03 -0.06
Serratia spp (n=150) 1 2 0.25-8
H. influenzae (n=200) 0.25 0.5 0.03-2
S. aureus (n=341) 0.12 0.25 0.06 -0.5
MRSA (n=46) 0.12 0.25 0.06 -0.5
S. agalactiae (n=139) 0.03 0.06 <0.008 — 0.12
S. pneumoniae (n=203) 0.03 0.03 <0.008 — 0.12
Conclusions:  Tigecycline  showed

excellent in vitro activity against a
diverse collection of pathogens isolated
iIn Canada between 2004-2008. MIC,,
values of <0.5mcg/ml against most
Enterobacteriaceae including ESBL
and MICy, of <0.12mcg/ml against
most gram-positive pathogens
document the in vitro potency of
tigecycline, a new glycylcycline.

Introduction

Tigecycline is a novel antimicrobial with expanded
broad-spectrum activity from a new class of
compounds, the glycylcyclines. Tigecycline inhibits
protein synthesis by binding to the 30S ribosomal
subunit. Although it is perceived to be bacteriostatic, it
has shown some bactericidal activity against key
targeted pathogens [1,2]. Tigecycline was developed
to provide activity against tetracycline and multi-drug-
resistant Gram-positive  pathogens and has
demonstrated significant broad-spectrum activity
against aerobic and anaerobic Gram-positive and
Gram-negative microorganisms [2-4].

Tigecycline resistance is very infrequent and is also
difficult to induce in the Ilaboratory [5, 6] with a
selection frequency observed at less than 10° [3, 5,
7]. With the exception of P. aeruginosa, tetracycline-
resistant bacteria with either tetracycline efflux pumps
or ribosomal protective features are sensitive to
tigecycline [2-4, 7-11]. Tigecycline has shown to be
active against multi-resistant Acinetobacter spp.,
particularly A. baumannii that are commonly
associated with serious nosocomial infections. Similar
activity has been observed against
Enterobacteriaceae, even extended-spectrum j-
lactamase (ESBL) and AmpC producing strains [10].
Tigecycline has demonstrated MIC,, values of <0.5
mcg/mL against methicillin-resistant Staphylococcus
aureus (MRSA) and other Gram-positive organisms [2,
4-6]. Tigecycline has shown potent activity against
animal models infected with selected strains of multi-
drug resistant Enterococcus faecium  and
Enterococcus faecalis [4, 5] with diverse genotypes
van-A, -B and -C [6].

This study was designed to better define the in vitro
activity of tigecycline in selected clinical isolates
collected from 25 study centers in Canada and is part
of the global Tigecycline Evaluation Susceptibility
Study (TEST).
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Materials & Methods

All isolates were derived from blood, respiratory
tract, urine (no more than 25% of all isolates),
skin, wound, fluids and few other defined sources.
Only one isolate per patient was accepted.

Clinical isolates (n=2578) were collected tested
between January 2004 — December 2008 from 25
study centers across Canada.

Custom broth microdilution panels were supplied
by MicroScan (Dade MicroScan, Sacramento, CA,
USA) with the following antimicrobial agents and
concentrations (expressed in mcg/ml); Gram
Positive  Panel:  amoxicillin/clavulanic  acid
(0.03/0.015-8/4, tested using a 2:1 ratio of
amoxicillin:clavulanic acid; reported
concentrations refer to amoxicillin); ampicillin
(0.06-16); ceftriaxone (0.03-64); imipenem (0.06-
16); linezolid (0.5-8); levofloxacin (0.06-32);
minocycline (0.25-8); tigecycline (0.008-16);
penicillin (0.06-8); piperacillin/tazobactam (0.25/4-
16/4) and vancomycin (0.12-32). Gram negative
panel: amikacin (0.5-64); amoxicillin/clavulanic
acid (0.12/0.06-32/16, tested using a 2:1 ratio of
amoxicillin:clavulanic acid; reported
concentrations refer to amoxicillin); ampicillin (0.5-

32); cefepime (0.5-32); ceftriaxone (0.06-64);
ceftazidime (8-32); imipenem (0.06-16);
levofloxacin  (0.008-8); minocycline (0.5-16);

tigecycline (0.008-16) and piperacillin/tazobactam
(0.06/4-128/4).

MIC interpretive criteria
guidelines established by
applicable [12].

MIC interpretive criteria for tigecycline followed
published guidelines established by the FDA
where applicable [13].

Isolates were identified to genus and species by
the local laboratory. Each site tested the isolates
using broth microdilution.

Quality control of broth microdilution panels
followed manufacture’s and CLSI guidelines using
the following ATCC strains: Enterococcus faecalis
ATTC 29212; Escherichia coli ATCC 25922;

followed published
the CLSI where

Haemophilus influenzae ATCC 49247
Haemophilus influenzae ATCC 49766;
Staphylococcus aureus ATCC 29213;

Streptococcus pneumoniae ATCC 49619; and
Pseudomonas aeruginosa ATCC 27853.

ESBL determinations: E. coli, K. pneumoniae and
K. oxytoca were screened and confirmed for
ESBL activity according to CLSI guidelines.
Preliminary ESBL activity was determined by
screening ceftriaxone with MICs >1 mcg/mL using
broth microdilution panels. ESBL presence was
confirmed by testing the following antibiotic disks:
cefotaxime (30-mcg), cefotaxime/clavulanic acid
(30/10-mcg) and ceftazidime (30-u9),
ceftazidime/clavulanic acid (30/10-mcg).
Antimicrobial disks were manufactured by Oxoid,
Inc. (Ogdensburg, NY, USA). Mueller-Hinton agar
used in testing was manufactured by Remel, Inc.
(Lenexa, KS, USA). An organism was interpreted
as containing an ESBL if there was an increase of
>5mm in the inhibition zone of the combination
disk when compared to that of the cephalosporin
alone. Quality control of antimicrobial disks
followed manufacturer’s guidelines (Oxoid) using
the following ATCC strains: K. pneumoniae ATCC
700603 (positive ESBL control) and E. coli ATCC
25922.

The collection and transportation of organisms
and the confirmation of identification, as well as,
construction and management of a centralized
database were conducted and coordinated by
Laboratories International for  Microbiology
Studies (LIMS), a subsidiary of International
Health Management Associates, Inc. (IHMA,
Schaumburg, IL, USA).
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Table 1. In vitro activity of tigecycline and Table 2. In vitro activity of tigecycline and

Table 4. In vitro activity of tigecycline

comparative agents against Enfero- comparative agents against Acinetobacter and comparative agents against fastidious
bacteriaceae. baumannii and Pseudomonas aeruginosa.  respiratory pathogens.
MIC MIC
Oreant o Ve Sus %% Int %R Mi'gcgg‘; ILé (meg/mL) MIC (mcg/mL)
rganism rug oDUS /oINT /o0K€S 50 90 ; o o o Organism (n) Drug %Sus %Int %Res MIC.,, MIC
All Enterobacteriaceae Tigc?cy(:?ine 974 1.8 0.8 0.5 1 g;iii?olzzlcter ]"l?irl::(g: g /":;JS /01111:T A’Il;ES l\glzcs“'ﬂ MIIC““— S. pneumoniae Tigecycline ha na na ().03n O.Ogn_
(n=1261) Amikacin 998 0.1 02 2 4 ; e Ag,ky - 010 10 69 4 6 (1=203) Amox-Clav 985 1 05 <003 025
Amox/Clav 504 7.1 426 8  >32 baumannii(n=161) Amikacin : : : Ceftriaxone 97 25 05 <003 025
Ampicillin = 15 8.5 76.5 =32 =32 Cefepime 795 93 12 4 32 Imipenem 899 10.1 0 <0.12 025
cpme TS Os 2 e Ceftazidime g 106 75 8 16 Levofloxacin 995 0 05 1 1
SZE?EEQ?: ol ST Ceftriaxone 453 41 137 16 64 Linezolid 00 o o0 1 1
R 100 (') (') _().iz 0.5 Imipenem 98.7 0 1.3 0.5 1 Penicillin 803 163 34 <006 05
Levofloxacin 882 2.1 98  0.06 4 Levofloxacin 83.9 6.8 9.3 0.12 4 Vancomycin 100 0 0 0.25 0.5
Minocycline 86.9 6.8 6.3 2 8 Minocycline 08.8 1.2 0 <0.5 <0.5 S. pneumoniae Tigecycline na na na 0.03  0.03
Pip/Tazo 942 2.6 3.2 1 8 Pip/Tazo 857 8.1 6.2 0.25 64 Susceptible to penicillin AmO).(—ClaV 100 0 0 <0.03 <0.03
Enterobacter aerogenes Tigc?cy(:?ine 969 0 31 05 2 Acinetobacter spp.  Tigecycline - - na 1 9 (n=163) Ce.ftrlaxone 100 0 0 <0.03 <0.03
= < <
(n=65) iigjg?av 130? 30 { 9;) g >§ 5 ;31 5 Carbapenem R (n=6) Amikacin 66.7 0 33.3 16 >64 imlpeglem _ 9132 8 007 _Oilz _Oilz
o 5 o . evorloxacin 5 5
Ampicillin 0 92 908 >32 >32 Ll v U e el Linezolid 100 0 0 <05 I
Cefepime 100 0 0 <05 <05 Gtz b e e e Penicillin 100 0 0 <006 <0.06
Ceftriaxone 269 31 0 012 2 Imipenem 0 0 100 >16  >16 S. pneumoniae Tigecycline na  na na  0.03 0.06
ILm‘pe;em , 9123 105 301 8'32 1 Levofloxacin 0 167 833 8 >8 Intermediate to penicillin ~ Amox-Clav 100 0 0 025 2
evorloxacin 5 5 5 5 . . < _ .
Minocycline 877 108 1.5 5 g Mmocyclme 100 0 0 <0.5 2 (n=33) fe'ftrlaxone 23? 432.29 8 8; 00.255
Pip/Tazo 938 6.2 0 ) 16 P%p/TaZO. 0 16.7 833 >128 >]28 mlpi};em _ . : . .
Enterobacter cloacae Tigecycline  96.5 2.8 0.7 05 1 Pseudomonas Tigecycline ha na ha 8 16 L?VO oxacii M 4 4 ! !
(n=284) Amikacin 100 0 0 2 2 aeruginosa (n=312)  Amikacin 96.2 1 2.9 4 8 Lme.Z.Ol?d 1000 0 1 1
Amox/Clav 14 07 979 >32 >32 Cefepime 3 109 6.1 4 16 Al 0 100 O 0.5 1
éxrr;plc'llhn 908.72 i? 903.77 >§25 >§2 Ceftazidime 378 58 6.4 <8 16 - p—— F\rf.ancoml}.fcm 100 0 0 83; 00653
etepime . . . <0. . . pneumoniae Resistan 1gecycline na na na . .
Ceftazidime 842 35 123 <8 >32 CEltrOils 1927 372436 32 >64 | enicillin Amox-Clav  57.1 286 143 2 8
Cefiriaxone  83.1 42 127 025 64 gt &8 AP Sn 8 (n=7) Cefiriaxone  28.6 57.1 143 1 2
Imipenem 100 0 0 0.12 0.5 Levofloxacin 72.1 9.6 18.3 0.5 >8 Imlpenem 66.7 333 0 0.5 1
Levofloxacin 96.1 2.1 1.8 0.03 025 Minocycline na na na 16 >16 Levofloxacin 100 0 0 1 1
Mmocychne 85.6 &1 63 2 8 Pip/Tazo 93.6 0 6.4 4 32 Linezolid 100 0 0 1 2
I Tatp oo T R R — Penicillin 0 0 100 4 8
Escherichia coli Ege.lc(ycyne 91 ;)(; 003 003 0.212 04.‘5 Ve 100 0 0 0.25 05
(n=384) mikacin : : : . . - . . ) : :
Table 3. In vitro activity of tigecycline — Haemophilus Tigecycline ~ na  ma  ma 025 05
Amox/Clav 75.5 15.6 8.9 8 16 ,
Aeicllin 431 08 511 19 ~37 d t t . t influenzae (n=200) Amox/Clav 100 0 0 0.5 1
coome. 951 03 47 <0s 1 and comparative agents against non- Ampiclin. 81515 17 20516
Ceftazidime 958 1.6 26 <8 <8 ik e clepme : : =02 =0
pdme 905 102 v oo fastidious Gram-positive pathogens. Coftridive  ma  m  ma <8 <8
Imipenem 100 0 0 <006 025 MIC Ce.ftrlaxone 100 0 0 <0.06 <0.06
Levofloxacin 74 1.3 247 0.03 >8 (mecg/mL) Imipenem 100 0 0 0.12 0.5
Minocycline 87 7.3 57 1 8  Qrganism Drug %SUS* %INT %RES MIC,, MICy, Levofloxacin 100 00 0015 0.015
Klebsiella pneumoniae Tlge.cycyne 946 4.4 1 0.5 2 (n=341) Amox-Clav 38 3 0 11.7 1 4 Haemophilus Tigecycline na na na 0.25 0.5
(n=297) Amikacin 100 0 0 1 2 Nl 61.9 0 331 4 >16 influenzae B- - Amo#Clgv 100 0 0 1 1
Amox/Clav 912 5.7 3 2 8 : Lactamase Positive Ampicillin 0 29 971 32 >32
T Ceftriaxone 87.1 3.2 9.7 4 16 ]
AmplCIHIIl 0.7 212 78.1 32 >32 (1’1235) Cefeplme 100 0 0 <0.5 <0.5
: Imipenem 88.5 0 11.5 <0.12 0.25 - -
Cefepime 983 03 13 <05 <05 p . = Ceftazidime na  ma na <3 <3
Ceftazidime 95.6 1.7 2.7 <8 <8 Levofloxacin 86.2 2.3 114 0.12 16 _ N N
: . . Ceftriaxone 100 0 0 <0.06 <0.06
Ceftriaxone 953 2 2.7 <0.06 0.25 Linezolid 100 0 0 2 2 Imivenemm 100 0 0 012 )
Imipenem 100 0 0 <0.06 0.5 Minocycline ~ 99.1 0.6 03 <025 <0.25 LeVIZ) e 0 0 0 obis 001s
Levofloxacin 933 1.7 5.1 0.06 1 Penicillin 61.3 0 38.7 4 >8 _ <' <'
Minocycline 828 6.7 104 2 16 Pip/Tazo 883 0 117 1 8 Pip/Tazo 00 0 0 =006 =0.06
. P%p/ Tazo. 273 1 1.7 2 8 Vancomycin 100 0 0 0.5 1
Klebsiella oxytoca Tigecycline 986 0 1.4 025 05 S aureus MRSA Tigecycline 100 0 0 012 025
= Amikaci 100 O 0 2 2 ' ’ i
o AmoxClay 859 42 99 2 16 (@49 LNy D ‘ onc I us i ons
Al’l’lplClHll’l 0 7 93 >32 >32 Amplcﬂlln 0 0 100 16 >16
Cefepime 100 0 0 <05 05 Ceftriaxone 4.3 239 T71.7 32 >64
Ceftazidime 100 0 0 <8 <8 Imipenem 0 0 100 0.5 16 RN . . 9
Ceftriaxone ~ 97.2 14 14 <006 2 Levofloxacin 239 43 717 16 >32 ¢ Tlgecychne S MIC90 of 1 mcg/ mL
Imipenem . 100 O 0 <0.06 0.5 ngezohd‘ 100 0 0 2 2 was Comp arable tO lmlpenem and 4
Lf{VOﬂOX?Cln 972 28 0 0.03  0.12 Minocycline 97.8 0 22 <025 05
Minocycline 972 28 0 1 4 Penicillin 0 0 100 >8 >8 to 64 fold better than the beta-
S ey Tigecyeline 979 14 0.7 12 Vancomycin 100 00 05 1 lactams, beta-lactam/beta-
(n=145) mikacin . . - ; -
E. faecalis Tigecycline 100 0 0 0.12 0.12 : 1. : :
Amox/Clay 21 14 966 >32 >32 o lactamase inhibitor combinations
Ampicilin 0.7 7.6 977 >32 >32 (0=15D) e L . .
G R Levofloxacin 583 0 = 4l.7 1 =32 and levofloxacin against all
Ceftazidime 98.6 0.7 0.7 <8 <8 Linezolid 99.2 0.8 0 2 2
Ceftriaxone 952 4.1 0.7 025 1 Minocycline 43 437 132 8 >8 Entero bac teriaceae te Sted.
Imipenem 100 O 0 0.12 1 Penicillin 100 0 0 2 4 . . . .
Levofloxacin 924 4134 012 | Vancomyein 100 0 0 1 2 * Tigecycline demonstrated potent in
: : gecycline , , . .. .
PipTazo 966 2.1 14 1 4 "o Ampicillin 188 0 813 516 16 vitro activity against both ESBL
All ESBL producers Tigecycline 100 O 0 0.25 1 Levofloxacin 10.4 0 R0.6 32 32 . .
E. coli, K. pneumoniae, K. oxyoca  Amikacin 100 0 0 2 8 e o e e and non-ESBL produc1ng E. coli,
(n=36) Amox/Clav 444 472 83 16 16 Nezolc )
Ampicillin 0 0 100 >32 >32 Minocycline 81.3 146 42 <025 8 K. Oxytaca and K. pneumOlqlae.
Cefepime 444 56 50 16 >32 Penicillin 18.8 0 81.3 >8 >8
p . : : ..
Ceftazidime 389 194 417 16 >32 Vancomycin 792 0 208 1  >32 % 11 gecychne showed potent activity
Ceftriaxone 16.7 16.7 66.7 >64 >64 Vancomycin . . .
Imipenem 100 0 0 025 025 resistant Tigecycline 100 0 0 0.03 0.06 agalnSt A . b aumannill Wlth lOW
Levofloxacin 25 5.6 694 >8  >8  E frecium Ampicillin 0 0 100 >16 >16
gﬁl}?cycﬁne gi ; 159.64 129; >48 Tz (1=9) Levofloxacin 0 0 100 >3 >32 MIC 50/ MIC90 values of 0.25 and 1
D920 = - Linezolid 100 0 0 1 2 .
Levofloxacin Resistant Tigecycline 959 24 1.6 0.25 2 Minocveline 667 333 0 ) 3 mcg/ mL, Ire SpeCtlvely.
Enterobacteriaceae (n=123) Amikacin 976 0.8 1.6 2 8 Peni 1}11 0. O. 100 -8 -8 * . . ) . . 5 o
Amox/Clay 504 285 211 8  >32 enicillin ' Tigecycline’s lmmited  activity
Ampicillin 14 1.7 843 >32 >32 Vancomycin 0 0 100 >32 >32 . ) . ..
Cefepime 80.5 1.6 179 <05 >32 S agalactiae Tigecycline 100 0 0 003 0.06 agamst P aeru gimnosa 18 similar to
Ceftazidime 813 49 138 <8 >32 (n=139) Ampicillin 100 0 0 0.12 0.12 h 1 5 h . 1
Ceftriaxone 707 5.7 23.6 0.12 >64 Ceftriaxone 100 0 0  0.06 0.12 other tetracyclines and their analo -
Imipenem 100 0 0 025 05 Levofloxacin 100 0 0 0.5 1 . .
L Linezolid 100 0 0 1 1 derivatives.
pu—— S —— Vancomycin 100 0 0 05 05 e o )
Emp ;)osmve A% Ariikicin 100 0 0 2 4 * FDA susceptible breakpoint of 0.25 mcg/mL for vancomycin-susceptible E. lnhlbltory aCtIVIty agalnst S aureus
( ng MO SIS o TS Amox/Clav 0 0 100 >32  >32 faecalis was expanded to include all enterococci for comparative purposes only. L. .
=
e S regardless of methicillin-resistant
Cefepime 100 0 0 4 8
Cefaridime 0 0 100 32 >3 phenotype.
Ceftriaxone 0 0 100 >64 >64 R/ . .
L X 2
s G0 0 O om0 e At 0.12 mcg/mL Tigecycline had
Levofloxacin 88 4 8 0.03 4
Pip/Tazo 4 40 56 128 >128

comparative agents against both
vancomycin-sensitive and —

resistant strains of E. faecium and
E. faecalis.




