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Acinetobacter sp. isolates having multidrug resistance (MDR) patterns have become common in many
medical centers worldwide, limiting therapeutic options. A five-center study tested 103 contemporary clinical
Acinetobacter spp., including MDR strains, by reference broth microdilution and disk diffusion (15-�g disk
content) methods against tigecycline. Applying U.S. Food and Drug Administration tigecycline breakpoint
criteria for Enterobacteriaceae (susceptibility at <2 �g/ml [<1 �g/ml by the European Committee on Anti-
microbial Susceptibility Testing]; disk diffusion breakpoints at >19 mm and <14 mm) to Acinetobacter spp. led
to an unacceptable error rate (23.3%). However, an adjustment of tigecycline disk diffusion breakpoints
(susceptible/resistant) to >16/<12 mm reduced intermethod errors to an acceptable level (only 9.7%, all
minor).

Acinetobacter sp. isolates have emerged in recent years as
among the most problematic pathogens to eradicate using
available antimicrobial agents (1, 6, 7, 10, 25). The occurrences
of Acinetobacter sp. infections have escalated in the National
Nosocomial Infection Study to levels of 6.9, 2.4, 2.1, and 1.6%
as causes of health care-associated pneumonia, bloodstream
infections, surgical-site infections, and urinary tract infections,
respectively (25). Similarly, the SENTRY Antimicrobial Sur-
veillance Program lists Acinetobacter spp. as causing 2.3 to
3.0% of health care-associated pneumonia and as the eighth
most common organism (4.0%) isolated from intensive-care
unit (ICU) patients (12), a figure comparable to that in a
French survey of all hospital infections (1.2%) (7). Complicat-
ing this increased prevalence, multidrug resistance (MDR)
among Acinetobacter sp. isolates has risen markedly because of
acquired or selected mechanisms of resistance, including anti-
microbial inactivation enzymes, efflux pumps, target modifica-
tions, and altered porins (7).

Treatment of Acinetobacter sp. infections has largely been
limited to a few broad-spectrum agents, including carbapen-
ems, amikacin, some tetracyclines (doxycycline and minocy-
cline), and the sulbactam component of ampicillin/sulbactam
(1, 6, 15, 25, 26). As resistance to the carbapenems and other
alternatives has emerged, the popularity of polymyxin class
agents (colistin and polymyxin B) has increased, with docu-
mentation of clinical success (14–16, 26) but not without side
effects, usually renal toxicity (27 to 58%) (15).

The search for therapeutic alternatives has recently focused
on a new class of antimicrobial agents, glycylcyclines, repre-
sented by tigecycline (a 9-t-butylglycylamide derivative of min-

ocycline) (2, 6, 17; Tygacil package insert [June 2005], Wyeth
Pharmaceuticals Inc., Philadelphia, PA). Tigecycline has a
novel, often bactericidal mode of action characterized by bind-
ing to the 30S ribosomal subunit, thus blocking aminoacyl-
tRNA entry into the acceptor site (e.g., inhibiting protein syn-
thesis), an action that overcomes two types of tetracycline
resistance (efflux and ribosomal protection) (2, 17, 20). How-
ever, some investigations (17, 19) have reported that tigecy-
cline showed only bacteriostatic activity against bacteremic
isolates of Acinetobacter spp. and other species. Nevertheless,
tigecycline clearly displays inhibitory activity against Acineto-
bacter spp. (2, 8, 9, 13, 17, 19, 22, 23) and has been utilized for
therapy against MDR strains despite the lack of a U.S. FDA-
approved clinical indication and interpretive criteria for in
vitro susceptibility testing (5, 5a, 11, 13; Tygacil package insert
[June 2005], Wyeth Pharmaceuticals Inc., Philadelphia, PA).
This report summarizes the results from a multicenter inves-
tigation of tigecycline tested using the Clinical and Laboratory
Standards Institute (CLSI, formerly the National Committee
for Clinical Laboratory Standards [NCCLS]) methods (3, 4) to
assess possible susceptibility breakpoints for Acinetobacter spp.
and to address the perception that applying the U.S. FDA
tigecycline breakpoints used for Enterobacteriaceae to Acineto-
bacter spp. results in unacceptable error rates, i.e., false resis-
tance by the disk diffusion test (Wyeth Research, personal
communication).

The study was designed utilizing multiple laboratories, with
Acinetobacter sp. strains selected from contemporary clinical
isolates at five geographically diverse locations. A total of 103
nonduplicated strains were identified locally (60 Acinetobacter
baumannii, 2 A. lwoffii, and 41 other unspecified Acinetobacter
species) (24) and tested for susceptibility by CLSI methods
(3–5) using freshly prepared (�12-h-old) cation-adjusted
Mueller-Hinton medium (2, 21) for frozen-form broth
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microdilution tests (TREK Diagnostics, Cleveland, Ohio).
Tigecycline disks were used (15 �g; lot no. 5187044; BBL,
Sparks, MD) for the disk diffusion procedure (11). Each insti-
tution utilized the current Mueller-Hinton agar lot in use at
that facility. The quality control strains (Escherichia coli ATCC

25922 and Pseudomonas aeruginosa ATCC 27853) were con-
currently tested on five or more occasions by each participant
with tigecycline and control agents (gentamicin, tetracycline,
and tobramycin); all results (100.0%) except those for genta-
micin (96.2% by MIC tests only) were within the quality con-
trol ranges recommended by the CLSI (3–5). The inoculum
colony counts for the broth microdilution method averaged
3.8 � 105 CFU/ml across all participant sites. This protocol
design conformed to the NCCLS M23-A2 document recom-
mendations (18).

Initial analyses examined tigecycline MIC and zone diame-
ter results for serious discords (susceptible to resistant or vice
versa), and tests with discordant results were repeated to assess
reproducibility. The two occurrences of severe intermethod
discord were resolved on repeat testing, and the entire collec-
tion (103 strains) was analyzed using the U.S. FDA tigecycline
susceptible breakpoints listed for Enterobacteriaceae (�2
�g/ml and �19 mm) applied to the Acinetobacter spp. (Tygacil
package insert [June 2005], Wyeth Pharmaceuticals Inc., Phil-
adelphia, PA). Resistance was defined as �8 �g/ml and �14
mm (Table 1). A scattergram correlating tigecycline MICs and
zone diameters around 15-�g disks was constructed (Fig. 1)
and analyzed by the error rate-bounding method (18) to max-

TABLE 1. Proposed tigecycline interpretive criteria for Acinetobacter
spp. and calculated intermethod error rates for

the disk diffusion method

MIC (�g/ml) interpretive criteria
(correlate zone)a Error rate (%)

Susceptible Intermediate Resistant Very major Major Minor

�2 (�19)b 4 (15–18)b �8 (�14)b 0.0 0.0 23.3
�2 (�17) 4 (14–16) �8 (�13) 0.0 0.0 11.7
�2 (�16)c 4 (13–15)c �8 (�12)c 0.0 0.0 9.7d

a Interpretive criteria proposed for CLSI method (3–5) results; error rates are
derived from the scattergram presented in Fig. 1.

b Indicates MIC and disk diffusion criteria for Enterobacteriaceae found in the
tigecycline product package insert (Tygacil package insert �June 2005�, Wyeth
Pharmaceuticals Inc., Philadelphia, PA). The EUCAST MIC breakpoint is at �1
�g/ml.

c Criteria that minimize intermethod error rates by modifying the disk diffu-
sion test criteria only.

d Acceptable level of intermethod discord or errors (18).

FIG. 1. Scattergram comparing tigecycline MICs (�g/ml) and zones of inhibition around 15-�g tigecycline disks when tested against 103
Acinetobacter isolates. This was a multicenter (five-site) investigation with a diverse collection of recent clinical strains. The solid vertical and
horizontal lines show the interpretive criteria for Enterobacteriaceae published in the U.S. FDA-approved product package insert (Tygacil package
insert [June 2005], Wyeth Pharmaceuticals Inc., Philadelphia, PA) for CLSI methods (3, 4). The dashed vertical lines illustrate the proposed
breakpoints for Acinetobacter sp. testing for two options (Table 1).
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imize intermethod agreement for the MIC breakpoint of �2
�g/ml (Tygacil package insert [June 2005], Wyeth Pharmaceu-
ticals Inc., Philadelphia, PA). Generally, the goal of such cal-
culations should be to minimize false-susceptible (very major)
errors for the disk diffusion test at �1.5%, as well as inter-
method minor and total errors at �10.0% (18). Also, the
tigecycline MIC distribution and percentage of Acinetobacter
sp. strains inhibited at �2 �g/ml for the collection were com-
pared to those reported in four distinct surveillance reports (8,
9, 22, 23).

Figure 1 shows the scattergram of tigecycline MIC results
versus zone diameters around 15-�g disks. The 103 isolates of
Acinetobacter spp. demonstrated a favorable linear correlation
(r � 0.87) between the results, with three strains having tige-
cycline MICs at �8 �g/ml (possible resistance). Using the U.S.
FDA Enterobacteriaceae susceptible breakpoint for tigecycline
of �2 �g/ml for this Acinetobacter collection with the correlate
zones, an unacceptably high minor-error rate (23.3%) was ob-
served (Tygacil package insert [June 2005], Wyeth Pharmaceu-
ticals Inc., Philadelphia, PA). These errors were dominantly
(23/24 occurrences) false-intermediate results by the disk dif-
fusion test for strains with tigecycline MICs of 1 or 2 �g/ml. By
modifying the susceptible and resistant breakpoint zone diam-
eters to �16 and �12 mm (Table 2), respectively, the minor-
and total error rates were minimized at 9.7%. Our findings,
when using the U.S. FDA tigecycline package insert Entero-
bacteriaceae breakpoints for the disk diffusion method (Tygacil
package insert [June 2005], Wyeth Pharmaceuticals Inc., Phil-
adelphia, PA), were consistent with the anecdotal reports of
high numbers of “tigecycline false-intermediate” Acinetobacter
sp. isolates with the Kirby-Bauer method (Wyeth Research,
personal communication). Another option, using disk diffu-
sion test breakpoints at �17 (susceptible) and �13 mm
(resistant), resulted in an overall error rate of 11.7% (un-
acceptable) (Table 1).

Table 2 shows tigecycline activities tested by reference meth-
ods against more than 800 strains of Acinetobacter spp. re-
ported in other studies (8, 9, 19, 22, 23). The collection used in
this study to determine the Acinetobacter sp. tigecycline disk
diffusion breakpoints was slightly more tigecycline resistant
(2.9%) than those of other published studies (0.0 to 1.6%
resistant) (Table 2). The tigecycline MIC90 results ranged from
2 to 4 �g/ml (8, 9, 19, 22, 23), and the percentage of isolates
with a tigecycline MIC at �2 �g/ml was 86.7 to 96.7%. Gen-

erally, Acinetobacter sp. isolates from the respiratory tract or in
ICU patients had more elevated MIC results (8, 22). Com-
pared to these listed surveillance program results, the five-
center study collection was judged to be representative of
current U.S. clinical material/strains. The tigecycline U.S.
FDA-approved package insert lists Acinetobacter baumannii
among species for which “at least 90% of these microorgan-
isms exhibit in vitro MICs less than or equal to the susceptible
breakpoint for tigecycline” (Tygacil package insert [June
2005], Wyeth Pharmaceuticals Inc., Philadelphia, PA). These
data contrast with those for the strains reported by Kronvall et
al. (13), which had a mean MIC of only 0.16 �g/ml compared
to 1.4 �g/ml for our Acinetobacter sp. collection. When the
statistical calculation of the “normalized resistance interpreta-
tion” (NRI) was used by these Swedish investigators (13), the
NRI was 0.73, rounded to 1 �g/ml (European Committee on
Antimicrobial Susceptibility Testing [EUCAST] Enterobacteri-
aceae breakpoint at �1 �g/ml). This NRI method used to
define the so-called “wild-type” population appeared to be
suboptimal for breakpoint determinations in our collection,
since one mode of a bimodal distribution of tigecycline MICs
occurred at 2 �g/ml (Fig. 1), and rounding of our mean MIC
(1.4 �g/ml) favored the previously selected U.S. FDA break-
point criteria for the Enterobacteriaceae (�2 �g/ml) (Tygacil
package insert [June 2005], Wyeth Pharmaceuticals Inc., Phil-
adelphia, PA). The bimodality of tigecycline MICs among A.
baumannii has been confirmed elsewhere (15a).

Like its parent compound (minocycline), tigecycline exhibits
potent activity against Acinetobacter spp. comparable to that
shown against the indicated species of Enterobacteriaceae (2, 8,
9, 13, 22, 23). Therefore, the suggested MIC susceptibility
breakpoint (�2 �g/ml) for these two gram-negative bacillary
groups (Acinetobacter spp. and Enterobacteriaceae) should be
consistent, as well as conforming, where possible, to the prod-
uct package insert (Tygacil package insert [June 2005], Wyeth
Pharmaceuticals Inc., Philadelphia, PA). A modest change in
the tigecycline 15-�g disk diffusion breakpoints (Table 1) of
only 3 mm improved the tigecycline intermethod agreement
and predictive accuracy to acceptable levels (18). Those labo-
ratories asked to provide tigecycline in vitro susceptibility test-
ing for Acinetobacter sp. isolates should attempt to comply by
using a validated quantitative MIC method (broth microdilu-
tion or Etest [AB BIODISK, Solna, Sweden]), but when the
disk diffusion test must be employed, these proposed interpre-

TABLE 2. Summary of published tigecycline activity resultsa

Organism source
(no. tested/%)b

Tigecycline MIC
(�g/ml) % at MIC (�g/ml) % by categoryc

Reference

50% 90% �1 �2 Susceptible Resistant

Bacteremia (326/1.2) 0.5 2 74 95 94.5 0.9 23
Bacteremia (49/NA) 2 2 – 92 91.8 0.0 19
ICU (223/2.4) 1 2 65 93 93.3 0.9 22
Respiratory tract (143/4.5) 1 4 51 87 86.7 0.7 8
SSTI (61/1.2) 0.5 2 87 97 96.7 1.6 9

a Tested against 753 Acinetobacter sp. isolates among 51,619 strains reported from an international surveillance program (8, 9, 22, 23) and 49 additional
bacteremias (19).

b Totals for 753 strains, with the percentage of Acinetobacter sp. isolates among the species reported for each specimen source (8, 9, 22, 23). Reference 19 studied
only bloodstream isolates. NA, not applicable; SSTI, skin and soft tissue infection.

c Categories were defined using the U.S. FDA tigecycline package insert criteria for Enterobacteriaceae (�2 �g/ml, susceptible) (Tygacil package insert �June 2005�,
Wyeth Pharmaceuticals Inc., Philadelphia, PA); resistance was defined as a tigecycline MIC at �8 �g/ml.
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tive modifications should be considered to maximize correla-
tions and accuracy with the reference MIC method. We en-
courage the continued study of glycylcycline treatment alone or
in combination (1) against MDR Acinetobacter sp. infections to
assist in clarifying these breakpoint criteria in adequate num-
bers of patients and to further investigate the intermethod
agreement of tigecycline in vitro tests for the Enterobacteria-
ceae, with ultimate action by the CLSI and other breakpoint
organizations (harmonization with EUCAST). Those investi-
gations, when available, should be presented to the U.S. FDA
and CLSI for possible adjustments of breakpoint criteria
(Tygacil package insert [June 2005], Wyeth Pharmaceuticals
Inc., Philadelphia, PA).

We appreciate the excellent support provided at each center by
numerous technologists and managers. Also, the following individuals
contributed to the development of the protocol and the draft manu-
script: N. O’Mara-Morrissey, J. Ross, M. Dowzicky, T. Fritsche, and P.
Bradford.
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