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ABSTRACT The Accelerate Pheno system (AXDX) is a rapid phenotypic bacterial
identification and susceptibility testing system which is approved for use with posi-
tive blood cultures. Acinetobacter baumannii is a nosocomial pathogen for which the
limited treatment options include minocycline in the case of multidrug resistance.
Here, we studied the performance of A. baumannii identification and minocycline
susceptibility testing by AXDX using 101 contemporary Acinetobacter sp. clinical
isolates. Overall, the sensitivity for A. baumannii and A. baumannii complex iden-
tification was 100% (73/73) and 97.6% (82/84), respectively. Specificity for A. bau-
mannii complex identification was 86.6% (13/15). The essential agreement of mi-
nocycline susceptibility results (�1 log2 MIC agreement) of AXDX MICs with
reference broth microdilution was 98.0% (96/98). There were no very major er-
rors or major errors. Overall, 24.5% (24/98) of results yielded minor errors. AXDX
reliably identified A. baumannii and predicted minocycline susceptibility results,
which should help guide treatment choices in a timely manner for infections
where options are limited.
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Acinetobacter baumannii is a major causative organism of bacteremia, pneumonia,
and wound infection. Healthcare-associated A. baumannii infections are associated

with high mortality rates, due to multidrug resistance (1). A. baumannii is one of four
major genomospecies which constitute the A. baumannii complex, which also includes
Acinetobacter nosocomialis, Acinetobacter pittii, and Acinetobacter calcoaceticus. The
latter three genomospecies are collectively less pathogenic in humans than A. bau-
mannii.

Minocycline is one of the few agents that retains activity against multidrug-resistant
A. baumannii, including against carbapenem-resistant strains (2), and may have clinical
utility in the treatment of infections caused by such strains (3). Early identification and
antimicrobial susceptibility testing (AST) of A. baumannii in positive blood and respi-
ratory cultures is key to early administration of appropriate therapy and may improve
the clinical outcome (4). The Accelerate Pheno system (AXDX) is a rapid bacterial
identification and AST device which is currently cleared for use with positive blood
cultures by the U.S. Food and Drug Administration (FDA) and under development for
bronchoalveolar lavage (BAL) and mini-BAL fluid specimens (5). AXDX minocycline
results are currently available as research use only (RUO), due to an insufficient number
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of Acinetobacter spp. encountered in the original clinical trial to allow FDA clearance (6).
The aims of this study were to (i) determine the spectra of Acinetobacter species
identified by the A. baumannii probe used in the Accelerate Pheno system and (ii) test
the performance of the Accelerate Pheno system minocycline AST compared to refer-
ence broth microdilution (BMD) for Acinetobacter species.

MATERIALS AND METHODS
Bacterial isolates and identification. A total of 101 Acinetobacter clinical isolates recovered from

unique patients at the University of Pittsburgh Medical Center between 2013 and 2017 were evaluated
in this study. Based on the initial species identification at the clinical microbiology laboratory using a
Bruker matrix-assisted laser desorption ionization (MALDI) Biotyper (Billerica, MA), these included 71
A. baumannii isolates and 30 belonging to other Acinetobacter genomospecies. For A. baumannii,
strains that were nonsusceptible to minocycline were preferentially included for the purpose of AST
performance evaluation. Among the isolates evaluated, 60 met the critia for multidrug resistance
(i.e., not susceptible to at least 1 agent in �3 antimicrobial categories appropriate for Acinetobacter
spp.) and 42 met criteria for extensive drug resistance (i.e., not susceptible to at least 1 agent in all
but �2 antimicrobial categories appropriate for Acinetobacter spp.) as defined by Magiorakos and
colleages (7).

Species identification. The species were identified by a Bruker MALDI Biotyper system (MALDI-TOF)
Biotyper in the clinical microbiology laboratory at the time of isolation, which was then repeated with the
same instrument at the research laboratory. In addition, 14 non-baumannii A. baumannii complex
isolates and 5 non-A. baumannii complex isolates that did not yield a consensus identification
between the two MALDI-TOF identification runs were subjected to rpoB sequencing for definitive
species identification (8).

Antimicrobial susceptibility testing. AST was performed on each isolate by Clinical and Laboratory
Standards Institute (CLSI) reference broth microdilution (BMD), using panels prepared by Accelerate
Diagnostics, Inc. For BMD, the minocycline concentrations tested ranged from 0.125 to 32 �g/ml, and
minocycline was obtained from Sigma. Mueller-Hinton broth (Difco, BD, Sparks, MD) was cation adjusted
in-house. BMD for minocycline was performed in triplicates using the same inoculum of bacteria, and
the modal MIC was used for evaluation (6, 9). If no modal MIC was obtained, BMD testing was
repeated in triplicates for the isolate, and a modal MIC was obtained from the results of the six
replicate MICs. Samples that did not produce a modal MIC after six replicate BMD tests were
excluded from analysis.

Species identification and AST on AXDX. Using the same source plate used to select colonies for
BMD, isolates were subcultured into human blood at a concentration of 10 to 100 CFU/ml, which was
then inoculated into a Bactec Plus aerobic blood culture bottle and incubated on a Bactec FX blood
culture system (BD, Sparks, MD). Species identification and AST were performed using the Accelerate
PhenoTest BC kit run on the Accelerate Pheno system according to the manufacturer’s instructions
(10). The range of minocycline MICs available on AXDX is 1 �g/ml to 32 �g/ml.

Statistics. Sensitivity and specificity were calculated for each identification (ID) target using MALDI-
TOF mass spectrometry (MS; or rpoB sequencing, if performed) as the comparator. Essential and
categorical agreement values were calculated for minocycline for Accelerate Pheno system-based MICs
using the BMD modal MIC as the gold standard. Susceptibility results were interpreted using current CLSI
breakpoints (11).

RESULTS AND DISCUSSION
Identification of A. baumannii complex. Among the 101 isolates evaluated, 30

were initially identified as non-baumannii species by the clinical microbiology labora-
tory and were examined further by rpoB sequencing. These were identified as A.
pittii (n � 5 isolates), Acinetobacter ursingii (n � 5), A. calcoaceticus (n � 4), A. noso-
comialis (n � 3), Acinetobacter radioresistens (n � 3), A. baumannii (n � 3), Acinetobacter
lwoffii (n � 2), Acinetobacter johnsonii (n � 2), Acinetobacter baylyi (n � 1), and Acineto-
bacter bereziniae (n � 1). The species of one isolate, initially identified as Acinetobac-
ter haemolyticus, could not be identified definitively by rpoB sequencing. In sum-
mary, there were a total of 74 A. baumannii isolates and 27 non-baumannii
Acinetobacter isolates.

Accelerate pheno system-based species identification. Two isolates, one A.
baumannii and one A. ursingii, could not be identified due to an insufficient number of
cells upon testing; this result was repeated when the isolates were tested a second
time. For these two isolates, AXDX yielded an error code, signaling the laboratory would
need to test by an alternative method. Of the remaining 73 A. baumannii isolates, all
were identified as A. baumannii by AXDX. Among the 11 non-baumannii A. baumannii
complex isolates, 5 of 5 A. pittii, 3 of 3 A. nosocomialis, and 2 of 4 A. calcoaceticus isolates
resulted in a positive identification by the A. baumannii probe in the Accelerate Pheno
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system. The 2 A. calcoaceticus isolates that were not identified by AXDX yielded
nonidentification upon repeat testing. Among the 15 non-A. baumannii complex
isolates, 2 (1 A. radioresistens and 1 A. baylyi) resulted in a positive identification by the
A. baumannii probe in the Accelerate Pheno system, while 13 resulted in nonidentifi-
cation by the A. baumannii target probe, with 11/13 producing an “off panel” result via
signal from the universal bacterial fluorescence in situ hybridization (FISH) probe and
2/13 producing no result due to too few cells.

Table 1 summarizes the results. Overall, the sensitivity of identifying A. baumannii
complex strains was 97.6% (82 of 84), and the specificity was 86.6% (13 of 15).

Few studies have assessed the performance of FDA-cleared rapid ID systems for
testing blood cultures for their ability to correctly identify Acinetobacter spp. In the
multicenter trial to evaluate AXDX, 69 of 70 isolates of A. baumannii complex were
correctly identified (98.6% sensitive), and 3 specimens negative for A. baumannii among
a total of 1,857 tested yielded a false-positive A. baumannii complex result (99.8%
specificity) (8). The BioFire BCID panel (bioMérieux, Durham, NC), which was designed
to identify A. baumannii alone, was shown in a multicenter evaluation to falsely identify
5 non-baumannii isolates among 23 (21.7%) tested as A. baumannii. These included all
4 A. pittii isolates and the 1 A. junii isolate evaluated in the study. In this study, all 51
A. baumannii isolates were correctly identified (12). The Verigene BC-GN test kit
(Luminex, Austin, TX), in contrast, identified 62 isolates of Acinetobacter spp. in clinical
trials, of which 2 were false positives (not Acinetobater spp.). Additionally, during this
study, one isolate of A. baumannii was not detected by the Verigene BC-GN test kit.
Unfortunately, in this study, the species of Acinetobacter were not elucidated (13). As
such, laboratorians and physicians should be aware that a result of A. baumannii in
blood from these rapid identification systems may in fact be A. baumannii, A. baumannii
complex, or in some cases, non-baumannii complex species. Importantly, for A. bau-
mannii complex species which are considered to be of clinical significance, AXDX
positively identified all strains of A. baumannii, A. pittii, and A. nosocomialis and two of
four isolates of A. calcoaceticus.

Accelerate Pheno system-based AST of minocycline. Minocycline is active against
the majority of A. baumannii strains and considered one of the few treatment options
available for infections caused by extensively drug-resistant A. baumannii (1). The
susceptibility breakpoint currently approved by the CLSI is an MIC of �4 �g/ml, with an
MIC of 8 �g/ml considered intermediate and �16 �g/ml resistant. By the standard
BMD, MICs were reliably determined for 100 of 101 tested isolates. One isolate did not
grow sufficiently in the BMD panels to accurately determine the MIC. Of the 100
isolates, 85 were susceptible, 14 intermediate, and 1 resistant by BMD. By AXDX, MICs
were determined for 98 isolates, where 69 were susceptible, 24 were intermediate, and
5 were resistant (Fig. 1). The isolate that did not grow in BMD panels also did not yield
an MIC on AXDX.

TABLE 1 Number of isolates of each species identified by the AXDX A. baumannii probe

Species No. detected/no. tested (%)

A. baumannii complexa 82/84 (97.6)
A. baumannii 73/73 (100)
A. nosocomialis 5/5 (100)
A. pittii 3/3 (100)
A. calcoaceticus 2/4 (50)

Non-baumannii complex 2/15 (13.3)
A. ursingiia 1/5 (20)
A. radioresistens 0/3 (0)
A. lwoffii 0/2 (0)
A. johnsonii 0/2 (0)
A. baylyi 1/1 (100)
A. bereziniae 0/1 (0)

aOne isolate yielded a “no identification” result due to an insufficient number of cells in the system.
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The essential agreement (�1 log 2 MIC agreement) of AXDX-based MICs with BMD
was 98.0% (96/98). The categorical agreement was 75.5% (74/98); all errors were minor
errors, i.e., cases in which one AST method yielded an intermediate interpretation and
the other yielded either a susceptible or resistant interpretation. There were no very
major errors (i.e., susceptible by AXDX, resistant by BMD) or major errors (resistant by
AXDX, susceptible by BMD). The majority of minor errors (20/24) involved AXDX
reporting an MIC one dilution higher than the modal BMD MIC (16 �g/ml versus
8 �g/ml in 5 isolates, 8 �g/ml versus 4 �g/ml in 15 isolates). As seen in Fig. 1, the
relatively high rate of minor errors was caused by the MIC distribution for minocycline,
which bisected the susceptibility breakpoint. Nonetheless, the bimodal distribution of
the MICs and the excellent essential agreement suggests that AXDX will rapidly identify
the majority of Acinetobacter isolates with low MICs, for which minocycline may be
considered a treatment option. A previous study demonstrated similar performance for
minocycline MIC determination for Acinetobacter spp. by AXDX. Among 224 isolates
evaluated, essential agreement was 97.4% and categorical agreement was 92.1%, and
17 minor errors and 1 major error were observed (8). Previous studies have demon-
strated that other commercial AST instruments have similarly yielded a high rate of
minor errors when testing A. baumannii against minocycline. In one study, which
evaluated the performance of Spanish laboratories to accurately determine A. bauman-
nii AST results, minor errors of 88.6% were observed across all systems evaluated (14).
A second study demonstrated minor errors of 15% to 40% across different disk
diffusion, Sensititre, and Etest methods (15).

Conclusion. AXDX was able to identify A. baumannii complex species of clinical
significance, including A. baumannii, A. pittii, and A. nosocomialis, with 100% sensitivity.
Two non-A. baumannii complex strains were identified as A. baumannii (1 A. radiore-
sistens and 1 A. baylyi). Minocycline MIC AXDX results showed excellent essential
agreement of 98.0% with BMD. One limitation of this study was that the majority of
isolates tested were susceptible or intermediate to minocycline. Overall, the findings
support the ability of AXDX to reliably predict the susceptibility of A. baumannii
complex to minocycline, which should help guide treatment choices for infections
where options are limited.
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FIG 1 Minocycline MIC (�g/ml) distributions of Acinetobacter isolates by AXDX. S, susceptible; I, inter-
mediate; R, resistant.
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