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SUMMARY

The Phoenix™ Automated Microbiology System (Becton Dickinson, Sparks, MD)
was evaluated for its ability to identify nonfermenting gram-negative pathogens
and measure their drug susceptibility. Isolates producing rare extended-spectrum
B-lactamases (PER-1, IMP-2, VIM-1, and VIM-2) were included in the study.
Species identification was compared to that given by the ATB System (bio-
Mérieux, Marcy I'Etoile, France), whereas susceptibility results were compared
to those produced by a reference broth microdilution test (panels manufactured
by Pasco Laboratories, Becton Dickinson). The Phoenix™ system consistently
identified all isolates of Pseudomonas aeruginosa (n=55) and Stenotrophomonas
maltophilia (n=28), while in other cases species agreement was obtained for 47/53
isolates (Acinetobacter baumannii, 29/31; Pseudomonas putida, 10/11; Burkholde-
ria cepacia, 6/7; and Pseudomonas fluorescens, 2/4). Overall, the Phoenix™ and
ATB systems gave equal results in 130/136 cases (95.6%). For two isolates, con-
sistent identification was obtained at the genus level, thus bringing the cumula-
tive agreement to 97.1%. MIC values (interpreted according to NCCLS guide-
lines) gave essential and categorical agreement in 94.2% and 93.1% of cases, re-
spectively. Minor and major errors were 5.1% and 5.2%, respectively. No very
major errors were produced. The mean time to results (TTR) for the Phoenix™
system was 14.8 + 1.6 h (mean + SD), with the shortest TTR being observed for
A. baumannii (13.0 =+ 1.8 h) and the longest one for P. aeruginosa (15.6 + 1.2 h).
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In conclusion, the Phoenix™ system performed rapidly and correctly in the iden-
tification of clinical isolates of important opportunistic pathogens and in measur-
ing their susceptibility to antipseudomonal drugs.
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INTRODUCTION

Nonfermenting gram-negative bacteria are a
group of aerobic, non-spore-forming, microor-
ganisms that either do not utilize carbohy-
drates as a source of energy or degrade them
through non-fermentative metabolic pathways
(Kiska and Gilligan, 1999; Schreckenberger
and von Graevenitz, 1999; Gilligan and Whitti-
er, 1999). Among them, Pseudomonas aerugi-
nosa is a well-known pathogen that is fre-
quently isolated from clinical specimens (Ar-
ruda et al., 1999; Luzzaro et al., 2001), whereas
Acinetobacter, Stenotrophomonas, and Burk-
holderia have recently emerged as important
causes of morbidity and mortality in compro-
mised patients (Quinn, 1998). The increasing
prevalence of infections due to these
pathogens is explained by several factors, one
of the most important being their ability to
produce enzymes capable of hydrolyzing
broad-spectrum B-lactams (PER-1 and PER-2
enzymes, metallo-B-lactamases of IMP- or
VIM-type). Production of these enzymes is of-
ten responsible for therapeutic failures (Ras-
mussen and Bush, 1997; Nordmann and Guib-
ert, 1998; Cornaglia et al., 1999; Galleni et al.,
2001; Docquier et al., 2002). Prompt diagnostic
procedures and susceptibility tests are there-
fore of the utmost importance for the manage-
ment of serious infections.

Over the last few years, automated identifi-
cation and susceptibility testing methods
have become the mainstay of clinical micro-
biological laboratories (Craft, 2000). Due to
the increasing relevance of infections caused
by nonfermenting gram-negative pathogens,
it is important that automated diagnostic
methods be capable of correctly identifying
these bacteria and measuring their suscepti-
bility to antimicrobial drugs.

This study was designed to evaluate the abili-
ty of the new Phoenix™ Automated Microbi-
ology System (Becton Dickinson Diagnostic
Systems, Sparks, MD) to correctly identify
clinically important nonfermenting gram-
negative bacteria and measure their suscepti-
bility to antipseudomonal drugs. Time to re-
sults was also studied in order to evaluate the
instrument’s ability to provide prompt criti-
cal diagnostic results.

MATERIALS AND METHODS

Identification of clinical isolates

One hundred and thirty-six non-duplicated clini-
cal isolates of nonfermenting gram-negative bac-
teria were studied: P. aeruginosa (n=55), Acineto-
bacter baumannii (n=31), Stenotrophomonas mal-
tophilia (n=28), Pseudomonas putida (n=11),
Burkholderia cepacia (n=7), and Pseudomonas
fluorescens (n=4). The isolates were obtained
over the last two years at the Microbiology Labo-
ratory of the Ospedale di Circolo in Varese
(Italy). Identification (ID) of isolates was rou-
tinely achieved by the Sceptor™ system (break-
point/ID gram-negative panels; Becton Dickin-
son), confirmed by the ATB System (ID32GN
strips; bioMérieux, Marcy I’Etoile, France) and
subsequently re-evaluated by the Phoenix™ sys-
tem (NMIC/ID-5 panels; Becton Dickinson).
Clinical isolates producing rare extended-spec-
trum [-lactamases (ESBL) were included in the
study: P. aeruginosa producing the PER-1 ESBL
(n=5) and the IMP-2 metallo--lactamase (n=1),
P. putida producing the VIM-1 metallo-B-lacta-
mase (n=3), a P. aeruginosa isolate that produced
both the PER-1 and the VIM-2 enzyme. All iso-
lates were frozen at —70°C and passed two times
on Mueller-Hinton agar (Oxoid, Milan, Italy) be-
fore testing.
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Antimicrobial susceptibility testing

Reference method

Antimicrobial susceptibility testing (AST) was
evaluated with frozen gram-negative MIC panels
manufactured by Pasco™ (Pasco Laboratories,
Becton Dickinson). Panels were frozen at —20°C
until use. They were inoculated according to the
manufacturer’s instructions and incubated
overnight at 35°C aerobically. Twelve different
antimicrobial agents were studied: aztreonam, ce-
fotaxime, ceftazidime, cefepime, piperacillin,
piperacillin plus tazobactam, meropenem, gen-
tamicin, tobramycin, amikacin, ciprofloxacin, and
levofloxacin. The Pasco™ Reader System (Bec-
ton Dickinson) was used to read MIC panels.

Phoenix™ method

Isolated colonies from Mueller-Hinton agar
plates were suspended in Phoenix™ ID broth to a
0.5-0.6 McFarland standard wusing the
CrystalSpec™ nephelometer (Becton Dickinson).
One drop of Phoenix AST indicator solution was
added to each Phoenix™ AST broth tube prior to
inoculation with 25 pl of the above suspension (fi-
nal bacterial concentration was 5 x 10° CFU/ml).
NMIC/ID-5 Phoenix™ panels were inoculated
within 30 minutes of initial preparation. Panels
were scanned and placed into the Phoenix™ in-
strument for incubation at 35°C and continuous
reading. Phoenix™ panels were stored at room
temperature until use.

Quality control strains

Escherichia coli ATCC 25922 and P. aeruginosa
ATCC 27853 were included in each run as quality
controls.

Interpretation of 1D and AST results

The “consistent 1D category implies that bacte-
ria were equally identified at the genus and
species level by both the ATB and the Phoenix™
systems. In the event of discordant ID results, the
assay was repeated with both systems. Results of
ID tests obtained with the ATB system were used
as a reference. Antimicrobial susceptibility results
are expressed as raw data, i.e. without interpreta-
tion by the computerized expert Phoenix™ sys-
tem. Results of susceptibility tests were catego-
rized as susceptible (S), intermediate (1), or resis-
tant (R) according to criteria recommended by
the National Committee for Clinical Laboratory
Standards (NCCLS) (NCCLS, 2000). MIC values
obtained by Phoenix™ panels (TEST) were com-
pared to those obtained with the reference

method (REF). The following definitions were
adopted: 1) Essential agreement (MIC values of
TEST panel equal to or within + 1 dilution of the
REF value); 2) Categorical agreement (TEST
and REF MIC values agree using the interpreta-
tive NCCLS criteria); 3) Minor errors (REF is S
or R and TEST is I; alternatively, REF is | and
TEST is S or R); 4) Major errors (REF is S and
TEST is R; the percentage of major errors was
calculated only for susceptible isolates); 5) Very
major errors (REF is R and TEST is S; the per-
centage of very major errors was calculated only
for resistant isolates).

RESULTS

Biochemical identification of clinical isolates
As compared to the ATB method, the
Phoenix™ system correctly identified to the
species level 123/136 test organisms (90.4%).
After repeating inconsistent 1D assays, accura-
cy to the species level increased to 95.6%
(130/136). At the genus level, accuracy was
97.4% (132/136). In particular, all P. aerugi-
nosa (n=55) and S. maltophilia (n=28) isolates
were consistently identified to the species lev-
el. In the case of other species (A. baumannii,
P. putida, B. cepacia, and P. fluorescens), cor-
rect ID was obtained in 47/53 cases (88.7%).
All isolates producing rare ESBLs were cor-
rectly identified. Data are shown in Table 1.
Inconsistent identifications given by the Phoe-
nix™ system included: two isolates of A. bau-
mannii (both reported as Moraxella spp.), two
of P. fluorescens (reported as Pseudomonas
oryzihabitans and as a “not specified organ-
ism”), one isolate of B. cepacia (reported as
CDC group Vb-3), and one of P. putida (re-
ported as Pseudomonas pseudoalcaligenes).

Antimicrobial susceptibility testing

Tests were performed with 12 different an-
tipseudomonal drugs. The following results are
reported without interpretation by the
Phoenix™ expert system. The overall essential
agreement between the Phoenix™ system and
the reference microdilution method was
94.2%. Depending on different drugs, the es-
sential agreement ranged from 91.2 to 97.1%.
The overall categorical agreement (i.e.,, S, I, R)
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TABLE 1
Results of biochemical identification (ID): agreement of the Phoenix™ system with the ATB system used
as reference method

Organism No. of strains Consistent ID Inconsistent ID
No. (%0) No. (%)
Pseudomonas aeruginosa 55 55 (100) 0(0.0)
Acinetobacter baumannii 31 29 (93.5) 2 (6.5)
Stenotrophomonas maltophilia 28 28 (100) 0 (0.0)
Pseudomonas putida 11 10 (90.9) 1(9.1)
Burkholderia cepacia 7 6 (85.7) 1(14.3)
Pseudomonas fluorescens 4 2 (50.0) 2 (50.0)
Total 136 130 (95.6) 6 (4.4)

was 93.1%, ranging from 83.8 to 97.1% for dif-
ferent drugs. Minor errors accounted for 5.1%
of cases, major errors were 5.2%. No very ma-
jor errors were produced. Results are summa-
rized in Table 2.

Time to results (1D plus AST)
Time to results (TTR) was calculated with

regard to consistently identified species on-
ly. The overall mean TTR (= SD) was 14.8 +
1.6 h. Particularly, A. baumannii showed
the lowest TTR (13.0 £ 1.8), whereas TTR
values for P. aeruginosa (15.6 £ 1.2) and S.
maltophilia (15.1 £ 0.6) were more pro-
longed. The cumulative TTR data are given in
Figure 1.

TABLE 2
Antimicrobial susceptibility testing (AST): agreement of the Phoenix™ system with the Pasco™
reference method

Pasco™ method

Phoenix™ system

Antimicrobial agent Susceptibility Essential Categorical ~ Minor Major Very major
results agreement agreement  errors errors errors
S I R No. (%) No. (%0) No. (%) No. (%) No. (%)
Aztreonam 21 13 102 131 (96.3) 126 (92.6) 8 (59 2 (95 0(0.0)
Cefotaxime 20 24 92 129 (94.9) 129 (94.9) 5 (3.7) 2(10.0) 0(0.0)
Ceftazidime 62 13 61 124 (91.2) 121 (89.0) 9 (66) 6 (9.7) 0(0.0
Cefepime 57 27 42 125(91.9) 114(83.8) 14(10.3) 9(158) 0(0.0)
Piperacillin 59 10 67 125(91.9) 125(91.9) 8 (59 3 (1) 0(0.0
Piperacillin-tazobactam 74 10 52 127 (93.4) 127 (93.4) 8 B9 1 (149 0 (0.0)
Meropenem 59 22 55 132 (97.1) 128 (94.1) 8 59 0 (0.0) 0(.0
Gentamicin 52 4 80 128 (94.1) 131 (96.3) 4 (29) 1 (19 0(.0
Tobramycin 59 1 76 131 (96.3) 131 (96.3) 4 (290 1 (1.7 0(0.0
Amikacin 100 4 32 130 (95.6) 129 (94.9) 5 (37 2 (20) 0(0.0)
Ciprofloxacin 79 8 49 128 (94.1) 126 (92.6) 6 (43) 4 (5.1) 0(0.0
Levofloxacin 80 4 52 128 (94.1) 132 (97.1) 4 (290 0 (0.0) 0(0.0
Overall percentage 94.2 93.1 5.1 5.2 0 (0.0)
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FIGURE 1 - Phoenix™ system: cumulative percentage
of time to results for clinical isolates of nonfermenting
gram-negative bacteria (identification plus antimicro-
bial susceptibility testing).

DISCUSSION

The Phoenix™ system appeared to perform
satisfactorily in identifying clinical isolates of
important opportunistic nonfermenting gram-
negative pathogens and in determining their

susceptibility to a variety of clinically relevant
antipseudomonal drugs. The overall accuracy
rate of identification was 95.6%, whereas the
average time to results (ID plus AST) was
14.8 + 1.6 h. When compared to ID results
produced by widely used automated microbi-
ology systems in the case of nonfermenting
gram-negative organisms, results obtained
with the new instrument were very satisfacto-
ry (Tenover et al., 1990; Bourbeau and Heiter,
1998; Sung et al., 2000; Joyanes et al., 2001).
This is particularly true when considering that
the investigated species are notoriously diffi-
cult to identify because of slow growth (Kiska
and Gilligan, 1999; Schreckenberger and von
Graevenitz, 1999; Gilligan and Whittier,
1999). Notably, species identification was
100% accurate in the case of P. aeruginosa
and S. maltophilia that represent the most
common isolates among clinically relevant
opportunistic pathogens (Quinn, 1998).

With regard to AST results, it has been rec-
ommended that an overall category error
rate of <10% should be obtained for accept-
ing the performance of susceptibility tests,
with up to 3.0% major errors and up to 1.5%
very major errors (NCCLS, 1994). With re-
gard to the above guidelines, no very major
errors were found, whereas major errors
were 5.2%. It should be noted, however, that
these data were markedly influenced by the
difficulty of measuring MIC values for some
expanded-spectrum p-lactams (e.g., ce-
fepime). This may be due to the complexity
of resistance mechanisms expressed by P.
aeruginosa and other nonfermenting bacteria
(Livermore, 2002). In addition to the loss of
specific porins (i.e., alterations of the perme-
ability barrier), over-expression of AmpC [3-
lactamases and/or efflux pumps may greatly
influence MIC values for penicillins,
cephalosporins, and carbapenems (Nikaido,
1998; Poole, 2000).

In the case of aminoglycosides (gentamicin,
tobramycin, and amikacin), results were fully
satisfactory, with minor and major errors
ranging from 1.7 to 3.7%. With regard to flu-
oroquinolones, remarkable precision was ob-
tained for levofloxacin with no major errors,
and only 2.9% minor errors. In contrast, tests
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for ciprofloxacin gave 4.3% and 5.1% minor
and major errors, respectively.

The correlation between MIC values obtained
by the Phoenix™ system and the reference
method was highly significant, with essential
and categorical agreements of 94.2% and
93.1%, respectively. Overall, the AST results
obtained in this study were better or equal to
those obtained with the best-performing auto-
mated systems (Joyanes et al., 2001; Chandler
et al., 2002). However, AST results reported
in this study represent pure raw data. In the
clinical setting, AST results would have been
interpreted by the computerized expert sys-
tem of the instrument, thus further reducing
minor and major errors.

In conclusion, this study demonstrates that
the Phoenix™ system may represent an accu-
rate diagnostic tool for infections caused by
nonfermenting gram-negative bacteria.
High-level correlations were obtained with
the ID and AST methods used for compari-
son. Due to its rapid, convenient and consis-
tent performance, the instrument will be-
come an important device for the detection
and therapy of life-threatening infections due
to drug-resistant opportunistic pathogens. Its
application may lead to a more appropriate
use of antimicrobial agents, a shorter hospital
stay, and decreased hospital costs (Doern et
al., 1994; Barenfanger et al., 1999).

REFERENCES

ARRUDA, E.A., MARINHO, |.S., BouLos, M., SINTO,
S.1., CalAFFA, H.H., MENDES, C.M., OPLUSTIL,
C.P., SADER, H., LEvI, C.E., and LEVIN A.S.
(1999). Nosocomial infections caused by mul-
tiresistant Pseudomonas aeruginosa. Infection
Control and Hospital Epidemiology, 20, 620-623.

BARENFANGER, J., DRAKE, C., and KAcicH, G.
(1999). Clinical and financial benefits of rapid
bacterial identification and antimicrobial sus-
ceptibility testing. Journal of Clinical Microbi-
ology, 37, 1415-1418.

Boureeau, P.P., and HEITER, B.J. (1998). Com-
parison of Vitek GNI+ cards for identification
of gram-negative bacteria. Journal of Clinical
Microbiology, 36, 2775-2777.

CHANDLER, L.J., PUOLTER, M., REISNER, B., and
Woobs, G. (2002). Clinical evaluation of the
Vitek automated system with cards GNS 122
and 127 and VTK-R07.01 software for antimi-
crobial susceptibility testing of Pseudomonas
aeruginosa. Diagnostic Microbiology and In-
fectious Disease, 42, 71-73.

CORNAGLIA, G., Ricclo, M.L., MazzARIOL, A.,
LAURETTI, L., FONTANA, R., and RossoLINI
G.M. (1999). Appearance of IMP-1 metallo-f3-
lactamase in Europe. Lancet, 353, 899-900.

CraFT, D.W. (2000). Rapid methods and automa-
tion in the microbiology laboratory. In: Ma-
hon, C.R., Manuselis, G. Eds, Textbook of Di-
agnostic Microbiology. Second edition, W.B.
Saunders Company, Philadelphia, PA (USA).

DOCQUIER, J.D., LuzzAro, F., AMICOSANTE, G.,
TonioLo, A., and RossoLINI, G.M. (2002) Mul-
tidrug-resistant Pseudomonas aeruginosa pro-
ducing PER-1 extended-spectrum serine-beta-
lactamase and VIM-2 metallo-beta-lactamase.
Emerging Infectious Diseases, 7, 910-911.

DoEerN, G.V., VANTOUR, R., GAUDET, M., and
LEvY, B. (1994). Clinical impact of rapid in vitro
susceptibility testing and bacterial identification.
Journal of Clinical Microbiology, 32, 1757-1762.

GALLENI, M., LAMOTTE-BRASSEUR, J., ROSSOLINI,
G.M., SPENCER, J., DIDEMBERG, O., FRERE,
J.M., and THE METALLO-[B-LACTAMASE WORK-
ING GROUP (2001). Standard numbering
scheme for class B B-lactamases. Antimicrobial
Agents and Chemotherapy, 45, 660-663.

GILLIGAN, P.H., and WHITTIER, S. (1999). Burk-
holderia, Stenotrophomonas, Ralstonia, Bre-
vundimonas, Comamonas, and Acidovorax. In:
Murray, P.R., Baron, E.J., Pfaller, M.A., Ten-
over, F.C., Yolken, R.H. Eds, Manual of Clinical
Microbiology. Seventh edition, American Soci-
ety for Microbiology, Washington, DC (USA).

JoYANEs, P., DEL CARMEN CONEJO, M., MAR-
TINEZ-MARTINEZ, L., and PEREA, E.J. (2001).
Evaluation of the VITEK 2 system for the
identification and susceptibility testing of three
species of nonfermenting gram-negative rods
frequently isolated from clinical samples. Jour-
nal of Clinical Microbiology, 39, 3247-3253.

Kiska, D.L., and GiLLIGAN, P.H. (1999). Pseudo-
monas. In: Murray, P.R., Baron, E.J., Pfaller,
M.A., Tenover, F.C., Yolken, R.H. Eds, Manual
of Clinical Microbiology. Seventh edition, Ame-
rican Society for Microbiology, Washington, DC
(USA).

328 ENDIMIANI, A, LuzzARO, F., TAMBORINI, A., LOMBARDI, G., ELIA, V., etal.



LivermMORE, D.M. (2002). Multiple mechanisms
of antimicrobial resistance in Pseudomonas
aeruginosa: our worst nightmare? Clinical In-
fectious Diseases, 34, 634-640.

Luzzaro, F., MANTENGOLI, E., PERILLI, M.,
LoMBARDI, G., ORLANDI, V., ORSATTI, A,,
AMICOSANTE, G., RossoLINI, G.M., and To-
NIoLO, A. (2001). Dynamics of a nosocomial
outbreak of multidrug-resistant Pseudomonas
aeruginosa producing the PER-1 extended-
spectrum [-lactamase. Journal of Clinical Mi-
crobiology, 39, 1865-1870.

NATIONAL COMMITTEE FOR CLINICAL LABORA-
TORY STANDARDS (1994). Development of in
vitro susceptibility testing criteria and quality
control parameters. Approved guideline, NC-
CLS Document M23-A, Wayne, PA.

NATIONAL COMMITTEE FOR CLINICAL LABORATO-
RY STANDARDS (2000). Methods for dilution an-
timicrobial susceptibility tests for bacteria that
grow aerobically. Fifth edition; approved stan-
dards. NCCLS Document M7-A5, Wayne, PA.

NikAIDO, H. (1998). Multiple antibiotic resistance
and efflux. Current Opinions in Microbiology,
1, 516-523.

NorDMANN, P., and GuiBERT, M. (1998). Extend-
ed-spectrum B-lactamases in Pseudomonas aeru-
ginosa. Journal of Antimicrobial Chemotherapy,
42,128-131.

PooLE, K. (2000). Efflux-mediated resistance to
fluoroquinolones in gram-negative bacteria.
Antimicrobial Agents and Chemotherapy, 44,
2233-2241.

QUINN, J.P. (1998). Clinical problems posed by
multiresistant nonfermenting gram-negative
pathogens. Clinical Infectious Diseases, 27,
S117-S124.

RasmusseN, B.A., and BusH, K. (1997). Car-
bapenem-hydrolyzing B-lactamases. Antimi-
crobial Agents and Chemotherapy, 41, 223-232.

SCHRECKENBERGER, P.C., and vON GRAEVENITZ,
A. (1999). Acinetobacter, Achromobacter, Al-
caligenes, Moraxella, Methylobacterium, and
other nonfermentative gram-negative rods. In:
Murray, P.R., Baron, E.J., Pfaller, M.A., Ten-
over, F.C,, Yolken, R.H. Eds, Manual of Clinical
Microbiology. Seventh edition, American Soci-
ety for Microbiology, Washington, DC (USA).

SUNG, L.L., YANG, D.I., Hung, C.C., and Ho,
H.T. (2000). Evaluation of autoSCAN-W/A
and the Vitek GNI+ AutoMicrobic system for

identification of non-glucose-fermenting gram-
negative bacilli. Journal of Clinical Microbiol-
ogy, 38, 1127-1130.

TeENovVER F.C., Mizuki, T.S., and CARLSON, L.G.
(1990). Evaluation of autoSCAN-W/A automat-
ed microbiology system for the identification of
non-glucose-fermenting gram-negative bacilli.
Journal of Clinical Microbiology, 28, 1628-1634.

ID and AST of nonfermenting gram-negative bacteria 329



