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Background: Resistance of gram-positive bacteria continues to be a
therapeutic challenge for the clinician. The development of glycylcyclines,
which are novel derivatives of tetracyclines, are showing promise of significant
activity against many gram-positive pathogens.Tigecycline (GAR-936,Wyeth)
is a new glycylcycline currently in development, that has shown potent activity
against Staphylococcus spp.  The activity of tigecycline was compared with
other agents against methicillin-resistant Staphylococcus aureus (MRSA) and
methicillin-sensitive Staphylococcus aureus (MSSA) from hospitals in Europe,
the Middle East and South Africa. Methods: Clinical isolates were collected
between January 2001 - September 2002. A total of 499 isolates were identified
to genus and species at each site and confirmed by the central laboratory.
MIC's were determined by the central laboratory using broth microdilution
panels from Dade Microscan according to NCCLS guidelines and
manufacturer's instructions. Results: The susceptibility results of the 499
isolates of Staphylococcus aureus are listed in Table 1.

Table 1. In Vitro activity of Tigecycline Against 499 Enterobacteriaceae

Conclusion: The in vitro activity of tigecycline against MSSA and MRSA was
comparable in all isolates tested. Tigecycline activity against MRSA was
superior to all antimicrobial tested including linezolid, imipenem and
quinupristin/dalfopristin.

Glycylcyclines are tetracyclines with a 9-glycylamido substituent and
were developed to avoid the two most prevalent tetracycline resistance
mechanisms, ribosomal protection and efflux. Tigecycline is a
glycylcycline derivative of minocycline, a semi-synthetic tetracycline,
with a 9-t-butylglycylamido substitution [1].  Tigecycline inhibits protein
synthesis by binding to the 30S ribosomal subunit. Although it's
antibacterial activity is significant, it is considered to be bacteriostatic
[2, 3]. While developed to provide activity against tetracycline- and multi-
drug-resistant gram-positive pathogens, it has been demonstrated to

Ø All isolates were derived from blood, respiratory tract, urine (no
more than 30% of all isolates), skin, wound, fluids and other defined
sources. Only one isolate per patient was accepted.
Ø Clinical isolates were collected between January 2001 - September
2002 from 34 study centers in 16 countries.
Ø Isolates were identified to genus and species at each site and
confirmed by the central laboratory (Laboratories International for
Microbiology Studies, Schaumburg, IL, USA).
Ø Organism collection, transport, confirmation of organism
identification, antimicrobial susceptibility testing, as well as, development
and management of a centralized database was coordinated by
Laboratories International for Microbiology Studies (LIMS).

Antimicrobial Susceptibility Testing

Ø MIC's were determined by the central laboratory using broth
microdilution panels by Dade Microscan (Dade Behring Inc.,
Sacramento, CA. USA) according to NCCLS guidelines and
manufacturer's instructions [15].
Ø Quality Control was performed using the following ATCC strains:
E. coli ATCC 25922, E. faecalis ATCC 29212, and S. aureus ATCC
29213.

Results are presented in the following tables and graphs.

Table 2. In Vitro Activity of Tigecycline and Comparator Agents
Against 499 Isolates of Staphylococcus aureus.

Ø Tigecycline inhibited the growth of all MSSA and MRSA at a MIC <2
µg/mL.
Ø Tigecycline demonstrates in vitro activity comparable to or better
than both vancomycin and quinupristin/dalfopristin against all MSSA
and MRSA..
Ø Tigecycline demonstrates greater in vitro activity against MSSA and
MRSA than linezolid, levofloxacin, imipenem and the β-lactam
antimicrobials.
Ø Tigecycline appears to be promising agent in the treatment of
methicillin sensitive and methicillin resistant Staphylococcus aureus.

This study was supported by a grant from Wyeth Pharmaceuticals. We gratefully acknowledge the contributions to this study from the following participating
institutions: Austria:  Prof. Dr.A.Georgopoulos,; Univ. Klinik Innsbruck.  Belgium:  Hopital ERASME; Universtiy Hospital of Antwerp.  Croatia :  Clinical
Hospital Centre Zagreb; Clinical Hospital Split.  Egypt:  Cairo University Hospitals.  France:  Pitie-Salpetriere; Hopital Jean Minjoz; Hopital Arnaud de
Villeneuve.  Germany:  Uniklinikum Heidelberg; Klinikum der Universitat Wurzburg; Medizinische Hochschule Hannover; Inst fur Med Mikro und Hygiene
der Univ zu Koln.  Greece:  Sismanoglion General Hospital; Douboyas,AXEPA Hospital,.  Italy:  San Martino; Universita Cattolica del S. Cuore; Ospedale di
Circolo Varese; Ospedale Molinette.  Lebanon:  American University of Beirut.  Portugal:  Hospital Sao Joao; Hospital da Universidade de Coimbra.  Saudi
Arabia :  King Fahad National Guard Hosp..  Slovenia:  University Clinical Centre Ljubljana.  South Africa:  Johannesburg Hospital; South African Institute
of Medical Research.  Spain:  Hospital Princeps D‘Espanya; Hospital La Fe; Hospital Gregorio Maranon; Hospital Universatario Virgen del Rocio.  Switzerland:
University Hospital Geneva.  The Netherlands:  University Hospital Utrecht; University Hospital Nijmegen.  Turkey:  Hacettepe University Hospital; Marmara
University Hospital; Istanbul Universitesi Cerrahpasa Tip Fakultesi; Ege Universitesi Tip Fakultesi Hastanesi.

MATERIALS & METHODS

1 Sum, P.E. and P. Petersen, Synthesis and structure-activity relationship of novel glycylcycline derivatives
leading to the discovery of GAR-936. Bioorg Med Chem Lett, 1999. 9(10): p. 1459-62.
2 Abbanat, D., M. Macielag, and K. Bush, Novel antibacterial agents for the treatment of serious Gram-
positive infections. Expert Opin Investig Drugs, 2003. 12(3): p. 379-99.
3 Projan, S.J., Preclinical pharmacology of GAR-936, a novel glycylcycline antibacterial agent.
Pharmacotherapy, 2000. 20(9 Pt 2): p. 219S-223S; discussion 224S-228S.
4 Betriu, C., et al., In vitro activities of tigecycline (GAR-936) against recently isolated clinical bacteria in
Spain. Antimicrob Agents Chemother, 2002. 46(3): p. 892-5.
5 Gales, A.C. and R.N. Jones, Antimicrobial activity and spectrum of the new glycylcycline, GAR-936 tested
against 1,203 recent clinical bacterial isolates. Diagn Microbiol Infect Dis, 2000. 36(1): p. 19-36.
6 Milatovic, D., et al., Activities of the Glycylcycline Tigecycline (GAR-936) against 1,924 Recent European
Clinical Bacterial Isolates. Antimicrob Agents Chemother, 2003. 47(1): p. 400-4.
7 Petersen, P.J., et al., In vitro and in vivo antibacterial activities of a novel glycylcycline, the 9-t-
butylglycylamido derivative of minocycline (GAR-936). Antimicrob Agents Chemother, 1999. 43(4): p. 738-44.
8 Henwood, C.J., et al., Antibiotic resistance among clinical isolates of Acinetobacter in the UK, and in vitro
evaluation of tigecycline (GAR-936). J Antimicrob Chemother, 2002. 49(3): p. 479-87.
9 Chopra, I., New developments in tetracycline antibiotics: glycylcyclines and tetracycline efflux pump
inhibitors. Drug Resist Updat, 2002. 5(3-4): p. 119-25.
10 Biedenbach, D.J., M.L. Beach, and R.N. Jones, In vitro antimicrobial activity of GAR-936 tested against
antibiotic-resistant gram-positive blood stream infection isolates and strains producing extended-spectrum beta-
lactamases. Diagn Microbiol Infect Dis, 2001. 40(4): p. 173-7.
11 Patel, R., et al., In vitro activity of GAR-936 against vancomycin-resistant enterococci, methicillin-resistant
Staphylococcus aureus and penicillin-resistant Streptococcus pneumoniae. Diagn Microbiol Infect Dis, 2000. 38(3):
p. 177-9.
12 Petersen, P.J., et al., In vitro and in vivo activities of tigecycline (GAR-936), daptomycin, and comparative
antimicrobial agents against glycopeptide-intermediate Staphylococcus aureus and other resistant gram-positive
pathogens. Antimicrob Agents Chemother, 2002. 46(8): p. 2595-601.
13 Van Ogtrop, M.L., et al., In vivo pharmacodynamic activities of two glycylcyclines (GAR-936 and WAY
152,288) against various gram-positive and gram-negative bacteria. Antimicrob Agents Chemother, 2000. 44(4): p.
943-9.
14 Sesoko, S., K. Umemura, and M. Nakashima, Pharmacokinetics (PK), Safety, and Tolerability of Tigecycline
(GAR-936) in Healthy Japanese Males. 42nd ICAAC, 2002.
15 National Committee for Clinical Laboratory Standards (NCCLS). Methods for Dilution Antimicrobial Tests for
Bacteria That Grow Aerobically; Approved Standard-Fifth Edition. NCCLS document M7-A5. Wayne, PA, 2000.
16 National Committee for Clinical Laboratory Standards (NCCLS). Performance Standards for Antimicrobial
Susceptibility Testing; Twelfth Information Supplement. NCCLS document M100-S12. Wayne, PA, 2002.

 MSSA (n=250) MRSA (n=249) 
MIC (mcg/ml) MIC (mcg/ml)  

Antibiotic Range 
Low 

Range 
High MIC50 MIC90 Range 

Low 
Range 
High MIC50 MIC90 

Tigecycline 0.12 1 0.25 0.25 0.12 2 0.25 0.5 
Amoxicillin/clav 0.25 64 1 1 0.25 64 32 64 
Ampicillin/sulb 0.5 >32 1 4 0.5 >32 32 32 
Imipenem 0.5 >64 0.5 0.5 0.5 >64 32 64 
Cefepime 0.5 >64 8 8 0.5 >64 >64 >64 
Ceftazidime 2 >64 8 8 0.5 >64 >64 >64 
Ceftriaxone 0.5 >64 4 4 0.5 >64 >64 >64 
Levofloxacin 0.25 16 0.25 0.25 0.25 32 8 16 
Vancomycin 0.5 >64 1 1 0.25 >64 1 1 
Quinupristin/dalfopristin  0.12 >32 0.25 0.25 0.12 >32 0.5 1 
Linezolid 1 >32 2 4 0.5 >32 2 4 
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Figure 1. In Vitro Activity of Tigecycline and Comparators Against
250 MSSA Showing Cumulative Percent Inhibited (%) at Each MIC
(µg/mL)

Figure 2. In Vitro Activity of Tigecycline and Comparators Against
249 MRSA Showing Cumulative Percent Inhibited (%) at Each MIC
(µg/mL)
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possess significant broad-spectrum activity against aerobic and
anaerobic gram-positive and gram-negative microorganisms [2, 4-6].
Tigecycline MIC90 values of < 0.5 mcg/ml have been demonstrated
against methicillin-resistant Staphylococcus aureus (MRSA) [3, 5-7].

Tigecycline resistance is very infrequent and difficult to induce in the
laboratory [8, 9] with a selection frequency observed at less than 10-9

[3, 4, 8]. Most tetracycline-resistant bacteria with either tetracycline efflux
pumps or ribosomal protective features are sensitive to tigecycline [2-
5, 7, 10-12]. The pharmacokinetics of parenteral tigecycline is linear
with an unusually long half-life of 36 hours and a maximum serum
concentration (CMAX) of a 300 mg dose infused over 1 hour of 2.8 µg/mL
[13, 14].

This study compared the activity of tigecycline with other agents against
methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-
sensitive Staphylococcus aureus (MSSA) from hospitals in Europe, the
Middle East and South Africa.

   MIC (mg/ml)  

Organism/Phenotype Drug 
NCCLS 

BP* Range MIC50 MIC90 % Sus 

S. aureus, MSSA (250) Tigecycline 2** 0.12 - 1 0.25 0.25 100.0 

  Amox/Clav 4/2 0.25 - 64 1 1 95.6 

  Amp/Sulb 8/4 0.5 - >32 1 4 95.6 

 Cefepime 8 0.5 - >64 2 4 95.2 

 Ceftazidime 8 2 - >64 8 8 93.6 

 Ceftriaxone 8 0.5 - >64 4 4 94.4 

 Imipenem 4 0.5 - >64 0.5 0.5 96.4 

 Levofloxacin 2 0.25 - 16 0.25 0.25 94.0 

 Linezolid 4 1 - >32 2 4 99.2 

 Quinu/Dalfo 1 0.12 - >32 0.25 0.25 99.2 

  Vancomycin 4 0.5 - >64 1 1 99.6 

S. aureus, MRSA (249) Tigecycline 2** 0.12 - 2 0.25 0.5 100.0 

  Amox/Clav 4/2 0.25 - 64 32 64 17.3 

  Amp/Sulb 8/4 0.5 - >32 32 32 24.9 

 Cefepime 8 0.5 - >64 >64 >64 10.4 

 Ceftazidime 8 0.5 - >64 >64 >64 3.2 

 Ceftriaxone 8 0.5 - >64 >64 >64 6.0 

 Imipenem 4 0.5 - >64 32 64 24.9 

 Levofloxacin 2 0.25 - 32 8 16 13.7 

 Linezolid 4 0.5 - >32 2 4 99.2 

 Quinu/Dalfo 1 0.12 - >32 0.5 1 99.2 

  Vancomycin 4 0.25 - >64 1 1 99.6 
* Breakpoints defined by the NCCLS 2002, document M100-S12 [16] 
**Tigecycline tentative breakpoint defined as susceptible < 2 mcg/ml. 

MRSA: methicillin resistant S. aureus; MSSA: methicillin susceptible S. aureus. 


