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Rapid differentiation of fermentative gram-negative bacilli (fermenters) from nonfermentative gram-nega-
tive bacilli (nonfermenters) in positive blood cultures may help physicians to narrow the choice of appropriate
antibiotics for empiric treatment. An impedance method for direct differentiation of fermenters from nonfer-
menters was investigated. The bacterial suspensions (or positive culture broths containing gram-negative
bacteria) were inoculated into the module wells of a Bactometer (bioMérieux, Inc., Hazelwood, Mo.) containing
1 ml of Muller-Hinton broth. The inoculated modules were incubated at 35°C, and the change in impedance in
each well was continuously monitored. The amount of time required to cause a series of significant deviations
from baseline impedance values was defined as the detection time (DT). The percent change of impedance was
defined as the change of impedance at the time interval from DT to DT plus 1 h. After testing 857 strains of
pure cultures (586 strains of fermenters and 271 strains of nonfermenters), a breakpoint (2.98%) of impedance
change was obtained by discriminant analysis. Strains displaying impedance changes of greater than 2.98%
were classified as fermenters; the others were classified as nonfermenters. By using this breakpoint, 98.6% (340
of 345) of positive blood cultures containing fermenters and 98% (98 of 100) of positive blood cultures
containing nonfermenters were correctly classified. The impedance method was simple, and the results were
normally available within 2 to 4 h after direct inoculation of positive blood culture broths.

Nonfastidious aerobic gram-negative bacteria are common
pathogens of humans. Conventionally, these microorganisms
were subdivided into two major groups: fermentative gram-
negative bacteria (fermenters) and nonfermentative gram-neg-
ative bacteria (nonfermenters). The dividing line between
these types of bacteria is based more on convention than on
well-defined genetic or phenotypic characteristics. It is impor-
tant that an unknown organism be classified by its mode of
glucose utilization to select the correct set of biochemical tests
for species identification.

Although gram-positive bacteria are the more common
causes of bloodstream infections (28), gram-negative bacte-
remia carries higher risks of severe sepsis, septic shock, and
death. When a positive blood culture is reported from the
clinical laboratory, the physician normally will start empiric
treatment based on the basic information about the organism
(gram positive or gram negative) causing bacteremia, as re-
vealed by Gram staining. Rapid institution of an appropriate
antimicrobial therapy is important for a good outcome of bac-
teremia (27, 29). Several of the clinically important nonfer-
menters are multiresistant organisms (5, 13, 25), and treat-
ments for infections caused by nonfermenters are somewhat
different from those for infections caused by fermenters. It is
generally recognized that narrow- and expanded-spectrum
cephalosporins are minimally active against nonfermenters (2,
4). However, amyloglycoside- or quinolone-resistant strains of
Enterobacteriaceae are relatively rare (7, 21, 28). Only a few

of the broad-spectrum cephalosporins (e.g., ceftazidime and
ceftriaxone) (2, 14, 16, 17, 19) are effective for the clinically
important nonfermenters. Other antibiotics useful for nonfer-
menters are monobactams (1, 2), quinolones (1, 4), imipenem
(5), and piperacillin (6). However, this is only a general rule,
and some resistant strains of Enterobacteriaceae (e.g., Serratia)
may be encountered (10).

The metabolic activities of microorganisms can cause elec-
trical changes (capacitance, impedance, or conductance) in the
culture media. The measurement of electrical properties in a
culture broth is basically not influenced by the color or turbid-
ity of the clinical specimens (31). The purpose of this study was
to evaluate an impedance method for direct differentiation of
fermenters from nonfermenters present in positive blood bot-
tles.

MATERIALS AND METHODS

Bacterial strains, media, and culture conditions. The pure cultures of bacteria
used in this study are listed in Table 1. A total of 857 isolates of gram-negative
bacilli, including 586 strains of fermenters and 271 strains of nonfermenters,
were used. Most strains were isolated at the National Cheng Kung University
Hospital (Tainan, Taiwan), but Escherichia coli CCRC 15481 and 11509, Kleb-
siella pneumoniae CCRC 11546, Pseudomonas aeruginosa CCRC 10944, Acineto-
bacter baumannii CCRC 15885, and Escherichia vulneris (three strains) were
obtained from the Culture Collection and Research Center, Hsinchu, Taiwan.
All bacteria were subcultured on sheep blood agar, incubated at 35°C for 18 to
24 h, and then used for testing. Mueller-Hinton broth (MHB), tryptic soy broth
(TSB), brain heart infusion broth (BHI), and OF basal medium were obtained
from BBL, Becton Dickinson Microbiology Systems (Cockeysville, Md.). OF
glucose medium was prepared by supplementing the basal medium with 1%
glucose. Some fastidious and unusual fermentative or nonfermentative gram-
negative bacilli were not included in this study.

Selection of electrical signal and medium. The measurement of electrical
change caused by bacterial metabolism in a culture medium was conducted with
a Bactometer M-128 (bioMérieux Vitek, Hazelwood, Mo.). Signals of capaci-
tance, total impedance (the term impedance will be used hereafter), and con-
ductance were available in the instrument. Total impedance is a function of both
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conductance and capacitance. To determine which signal was better for differ-
entiating fermenters from nonfermenters, a panel of four strains (E. coli CCRC
15481, K. pneumoniae CCRC 11546, P. aeruginosa CCRC 10944, and A. bau-
mannii CCRC 15885) was tested. Each module well (bioMérieux Vitek) con-
taining 1 ml of MHB was inoculated with 5 ml of a bacterial suspension having
a turbidity of a 0.5 McFarland standard to reach a final inoculum of about 106

CFU/ml. The inoculated modules were incubated at 35°C, and the changes of
impedance, conductance, and capacitance in the module wells were continuously
monitored by the Bactometer at 6-min intervals for 24 h. The bacterial growth
curves were graphically displayed as percent changes of the three electrical
signals versus incubation time. In addition to MHB, three other media (TSB,
BHI, and OF glucose) were used to test E. coli CCRC 11509 and P. aeruginosa
516 (a clinical isolate) to compare the abilities of different media to distinguish
fermenters from nonfermenters.

The amount of time required to cause a series of significant deviations from
baseline electrical values was defined as the detection time (DT) (23) and was
automatically determined by the Bactometer. The percent change (relative to the
initial value) of each electrical signal was defined as the change of that signal at
the time interval from DT to DT plus 1 h (DT11 h). This amount of change
reflected the slope of the change at the initial phase of exponential growth of
bacteria.

Direct distinguishing of fermenters from nonfermenters in positive blood
cultures. Blood specimens were collected at the National Cheng Kung University
Hospital. The BACTEC Aerobic and Aerobic Plus bottles (Becton Dickinson
Microbiology Systems, Sparks, Md.) were normally inoculated with 3 to 10 ml of
blood from the patients, inserted into BACTEC NR-9240 instruments (Becton
Dickinson Microbiology Systems), and incubated at 37°C. Positive bottles show-
ing growth of gram-negative bacteria, as revealed by Gram staining were used for
direct inoculation into the Bactometer. Smears showing mixed cultures of gram-
negative and gram-positive bacteria or showing two morphologically quite dif-
ferent gram-negative bacteria were not used for study. Ten microliters of the
positive culture broths was inoculated into each module well containing 1 ml of
MHB, and the impedance change in each well was monitored. A total of 466
positive blood cultures containing gram-negative bacteria were analyzed. All
blood isolates obtained on subculture plates were identified by conventional
microbiological procedures.

Statistical analysis. For each species of the pure cultures (Table 1), multiple
strains were analyzed and a mean value for the percent change of impedance at
the interval from DT to DT11 h was obtained. Based on these values, discriminant
analysis (15) was performed to obtain a linear discriminant function from which a
breakpoint was derived to separate strains of fermenters from nonfermenters.

RESULTS

Comparison of electrical signals. The growth curves of
E. coli CCRC 15481, K. pneumoniae CCRC 11546, P. aerugi-
nosa CCRC 10944, and A. baumannii CCRC 15885 in MHB
are shown in Fig. 1A, B, C, and D, respectively. These curves
were obtained by monitoring the changes of capacitance
(curves a), impedance (curves b), and conductance (curves c).
The capacitance change in the culture broth at the initial phase
of exponential growth was most prominent, followed by the
changes in impedance and conductance. Table 2 summarizes
the DTs and the percent change of each signal. By using the
signal of capacitance, the DTs ranged from 2.6 h (E. coli
CCRC 15481) to 3.2 h (P. aeruginosa CCRC 10944) at an in-
oculum concentration of approximately 106 CFU/ml. The DTs
obtained by monitoring the signal of impedance were slightly
longer than those obtained by monitoring capacitance.

Drastic changes of capacitance were observed for E. coli
(8.6%), K. pneumoniae (7.2%), and P. aeruginosa (9.2%) at the
interval from DT to DT11 h, although the change (5.1%)
produced by A. baumannii was relatively small (Table 2). It
seemed that the measurement of capacitance was unable to
differentiate fermenters from nonfermenters at the initial
phase of exponential growth. The signals of impedance and
conductance were discriminative (Table 2 and Fig. 1, curves b
and curves c); fermenters produced relatively greater changes
of impedance and conductance than those produced by non-
fermenters. However, the DTs of P. aeruginosa CCRC 10944
(6.2 h) and A. baumannii CCRC 15885 (12.2 h) obtained by the
measurement of conductance were much longer than those
obtained by measurement of the other two signals (Table 2).
The changes of conductance were very small at the initial

phase of exponential growth of both nonfermenters (Fig. 1C
and D, curves c). Therefore, the signal of impedance was a
better choice and was used in the following experiments.

Comparison of media. Four media (MHB, TSB, BHI, and
OF glucose) were used to test E. coli CCRC 11509 and P. aeru-
ginosa 516 to compare the effect of the medium on the differ-
entiation of fermenters from nonfermenters (Fig. 2). Both
E. coli CCRC 11509 (Fig. 2A) and P. aeruginosa 516 (Fig. 2B)
caused drastic changes in impedance at the initial phase of
exponential growth when TSB (curves a) and BHI (curves c)
were used. However, the changes in impedance were very small
when both organisms were grown in OF glucose (Fig. 2, curves
d). It seemed that MHB (Fig. 2, curves b) was most discrimi-
native for fermenters and nonfermenters. From the above re-
sults, MHB and the signal of impedance were used in the
following experiments.

Effect of inoculum concentration on DT. The DT of E. coli
CCRC 11509 at an inoculum concentration of 107 CFU/ml was
only 1 h, and it was 8.5 h when the inoculum density was 101

CFU/ml. With a decrease of inoculum concentration of 1 order
of magnitude, the DT increased by 1 to 1.2 h (data not shown).
The DT was inversely proportional to the bacterial concentra-
tion at the time of inoculation. The patterns of impedance
growth curves were not affected by the inoculum concentra-
tions.

TABLE 1. Bacterial strains used in this study

Microorganism No. of strains
tested

Fermenters
Aeromonas hydrophila................................................................ 5
Aeromonas spp. ......................................................................... 10
Citrobacter freundii ..................................................................... 30
Citrobacter koseri ........................................................................ 11
Escherichia coli ........................................................................... 222
Escherichia vulneris .................................................................... 3
Enterobacter aerogenes ............................................................... 28
Enterobacter cloacae................................................................... 31
Enterobacter sakazakii................................................................ 4
Klebsiella pneumoniae................................................................ 84
Klebsiella oxytoca........................................................................ 5
Morganella morganii................................................................... 34
Pasteurella multocida ................................................................. 1
Proteus mirabilis ......................................................................... 43
Proteus vulgaris ........................................................................... 6
Providencia stuartii ..................................................................... 2
Salmonella spp. .......................................................................... 22
Serratia marcescens..................................................................... 32
Shigella sonnei ............................................................................ 10
Vibrio vulnificus .......................................................................... 3

Nonfermenters
Acinetobacter baumannii ........................................................... 104
Acinetobacter lwoffii.................................................................... 8
Alcaligenes xylosoxidans ............................................................. 6
Burkholderia cepacia .................................................................. 3
Comamonas acidovorans........................................................... 2
Chryseobacterium indologenes ................................................... 6
Chryseobacterium menigosepticum............................................ 7
Pseudomonas aeruginosa ........................................................... 61
Pseudomonas fluorescence ......................................................... 6
Pseudomonas stutzeri.................................................................. 2
Sphingomonas paucimobilis....................................................... 2
Stenotrophomonas maltophilia .................................................. 59
Othera.......................................................................................... 5

a Includes one strain of each of the following species: Acinetobacter sp., Fla-
vobacterium odoratum, Flavobacterium sp., Brevundimonas vesicularis, and Agro-
bacterium tumefaciens.
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Testing of pure cultures. A total of 857 strains, including 586
strains of fermenters and 271 strains of nonfermenters (Table
1), were analyzed. For multiple strains of each species tested,
a mean value of the percent change of impedance at the in-
terval from DT to DT11 h was obtained. Discriminant analysis
(15) was used to analyze these values, and a linear discriminant
function (7.44x . 22.18%) was obtained. A breakpoint (x 5
2.98%) was derived from this function. The breakpoint divided
all strains into two groups: fermenters and nonfermenters (Fig.
3). If a strain produced an impedance change that was greater
than 2.98%, then it was classified as a fermenter; otherwise, it
was classified as a nonfermenter.

Among the 586 strains of fermenters, 581 strains (99.1%)
produced values of impedance change of greater than 2.98%.
The five misclassified strains were E. coli (two strains), K.
pneumoniae (one strain), Serratia marcescens (one strain), and
Shigella sonnei (one strain). Among the 271 strains of nonfer-
menters, 268 (98.9%) produced values of impedance change of
less than 2.98%. The three misclassified strains were A. bau-
mannii (one strain), P. aeruginosa (one strain), and Stenotro-
phomonas maltophilia (one strain). The overall misclassifica-
tion rate for pure cultures was 0.93% (8 of 857). The eight
misclassified strains were subcultured and retested by the im-
pedance method; however, similar results were obtained. In
addition, no abnormal biochemical reactions were found for
these strains.

At an inoculum concentration of 106 CFU/ml, the average
DT of fermenters was 2.1 h (range, 0.6 to 2.7 h), whereas the
average DT of nonfermenters was 3.8 h (range, 1.9 to 6.2 h).
Generally speaking, the DTs of nonfermenters were longer
than those of fermenters.

Direct differentiation of fermenters from nonfermenters in
positive blood cultures. Ten microliters of positive blood cul-
ture broth showing growth of gram-negative bacilli was directly
inoculated into the wells of Bactometer. The results are shown
in Table 3. Among the 466 positive blood bottles contain-
ing gram-negative bacteria, there were 345 (74.1%) and 100
(21.5%) bottles containing single strains of fermenters and
nonfermenters, respectively. The remaining 18 bottles (3.9%)
were mixed cultures, and 3 bottles (0.6%) were Bacteroides
spp. Among the 345 strains of fermenters, 340 strains (98.6%)
produced impedance changes greater than the breakpoint
(2.98%) at the interval from DT to DT11 h (Table 3). Of the
100 strains of nonfermenters, 98 strains (98%) produced im-
pedance changes smaller than the breakpoint. The overall mis-
classification rate for blood cultures was 1.6% (7 of 445). The
dominating species of nonfermenters isolated from blood cul-

TABLE 2. DTs and percent changes in electrical signals in the
interval from DT to DT11 h for E. coli, K. pneumoniae,

P. aeruginosa, and A. baumannii

Microorganism

Capacitance Impedance Conductance

DT %
Change DT %

Change DT %
Change

E. coli CCRC 15481 2.6 8.6 2.9 4.5 3.5 2.7
K. pneumoniae CCRC 11546 3.0 7.2 3.2 3.4 3.7 2.7
P. aeruginosa CCRC 10944 3.2 9.2 3.4 2.6 6.2 1.1
A. baumannii CCRC 15885 2.8 5.1 3.5 1.8 12.2 0.5

FIG. 1. Growth curves of E. coli CCRC 15481 (A), K. pneumoniae CCRC 11546 (B), P. aeruginosa CCRC 10944 (C), and A. baumannii CCRC 15885 (D). Bacterial
growth was monitored by the signals of capacitance (curves a), impedance (curves b), and conductance (curves c), respectively.
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tures were P. aeruginosa, A. baumannii, and S. maltophilia (Ta-
ble 3).

The average DT of fermenters was 1.3 h after direct inocu-
lation, whereas the average DT of nonfermenters was 2.1 h.

This indicated that the cell densities were higher than 106

CFU/ml after direct inoculation of positive culture broth into
MHB. Since an additional 1 h was required to read the imped-
ance change at DT11 h, approximately 3 h was required to
distinguish fermenters from nonfermenters in positive blood
cultures. From the results of the 18 mixed cultures, it was
found that a mixed culture containing a fermenter and a non-
fermenter tended to mimic a fermenter, and a mixed culture
encompassing two or more fermenters normally displayed an
impedance growth curve like that of a fermenter. A small
percentage (0.3%) of the blood isolates were Bacteroids spp.
that were unable to grow in MHB in 24 h.

DISCUSSION

In this study, a completely new and rapid method based on
the measurement of electrical properties in the medium was
proposed to distinguish fermenters from nonfermenters in pos-
itive blood cultures (Table 3). The average time needed for this
purpose was about 3 h after direct inoculation. Obviously, the
method was also effective for testing pure cultures (Fig. 3). The
impedance growth curves were quite similar for each bacterial
strain, irrespective of the source of the inocula (from a pure
culture or from a positive blood culture bottle). This indicated
that the presence of blood cells did not interfere with the
measurement of impedance.

As shown in Fig. 1, the changes in conductance also could be
used to differentiate fermenters from nonfermenters. Changes
in conductance are primarily due to the ionic metabolites
produced by the growing bacteria (24). The relatively small
changes of conductance produced by nonfermenters (Fig. 1C
and D, curves c) revealed that very small amounts of charged
molecules were produced by these bacteria. The low produc-
tion of charged metabolites resulted in longer DTs, and this
rendered the signal of conductance not suitable for differenti-
ating fermenters from nonfermenters.

Among the three signals tested, the changes in capacitance

FIG. 2. Impedance growth curves of E. coli CCRC 11509 (A) and P. aerugi-
nosa 516 (a clinical isolate) (B) in TSB (curves a), MHB (curves b), BHI (curves
c), and OF glucose medium (curves d).

FIG. 3. Discriminant analysis of pure cultures of fermenters and nonfermenters. Each closed circle (fermenters) or open circle (nonfermenters) represents the mean
of the percent change of impedance in the interval from DT to DT11 h. A breakpoint (2.98%) (dashed line) was obtained by discriminant analysis. The breakpoint
divided strains into two groups: the fermenters and nonfermenters.
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were most prominent (Fig. 1). Changes in capacitance were
primarily due to increases in the amount of charge stored at
the electrode-medium interface and/or changes associated with
passivation of the surface layer (due to pH) (22, 23). The
amount of charge stored at the electrode-medium interface
was negligible due to the high ionic strengths of the media used
in this study (22, 23). Therefore, changes in capacitance were
mostly due to changes in the oxide layer at the surfaces of the
metal electrodes. Since the capacitance signal did not discrim-
inate between fermenters and nonfermenters, it was concluded
that changes in the oxide layer were not significant enough to
be detected among these two categories of bacteria. Total
impedance is a function of both conductance and capacitance.
In this study, the impedance signal was found to be most
appropriate for distinguishing fermenters from nonfermenters,
based on the criteria of the magnitude of signal change and the
discriminative ability (Fig. 1).

The Bactometer is not standard equipment in clinical mi-
crobiology laboratories. We think a simpler device that could
measure impedance changes in culture media would be enough
for differentiating fermenters from nonfermenters in blood
cultures. There are two purposes for this procedure: for mi-
crobiologists to select a correct set of biochemical tests for
species identification and for physicians to narrow the selection
of antibiotics.

The fact that a microorganism can grow in an aerobic envi-
ronment does not necessarily mean that oxygen is metaboli-
cally used. We found that the impedance growth curves of
some fermenters (e.g., E. coli and K. pneumoniae) grown under
aerobic or anaerobic conditions were quite similar (data not
shown). This means that these organisms use the Embden-

Meyerhof-Parnas pathway for carbohydrate degradation even
under atmospheric oxygen (18). However, nonfermenters
either are nonsaccharolytic or utilize the Entner-Doudoroff
pathway to produce pyruvate, which is then oxidized via the
Krebs cycle to form water. The acids that are formed in the
Entner-Doudoroff pathway (glucuronic acid and its deriva-
tives) and those produced in the Krebs cycle (citric acid and
its derivatives) are extremely weak compared with the acids
(lactic acid or so-called mixed acids) produced in the Embden-
Meyerhof-Parnas pathway (18). This fact might explain the
difference in impedance (and conductance) change caused by
fermenters and nonfermenters at the initial phase of exponen-
tial growth.

The present method was based on the measurement of im-
pedance changes caused by microorganisms cultivated in MHB.
Fermenters produced a relatively high change (.2.98%) of
impedance in the interval from DT to DT11 h, whereas the
impedance change was relatively small (,2.98%) for nonfer-
menters in the same time period. The measurement was re-
producible and was not influenced by the inoculum concen-
tration, which affects only DT. For pure cultures tested at an
inoculum of 106 CFU/ml, the average DTs of fermenters and
nonfermenters were 2.1 and 3.8 h, respectively (data not
shown). In addition to the bacteria listed in Table 1, two strains
of Haemophilus influenzae were further tested. However, both
strains were unable to grow in MHB that did not contain the
growth factors (hemin and NAD) for H. influenzae. It seems
that fastidious microorganisms are not suitable for testing by
the present method.

In a recent survey conducted on 2,124 patients with gram-
negative bacteremia, Leibovici et al. (20) found that 670
(31.5%) were given inappropriate empiric antibiotic treatment,
and the mortality rate of this group of patients was 31.5%.
However, the mortality rate was only 18% for the remaining
1,454 patients who were given appropriate empiric antibiotic
treatment (P 5 0.0001). Other studies also showed that inap-
propriate antimicrobial treatment was an independent factor
in poor outcomes of bacteremia (3, 9, 11, 12, 26, 29). Other
factors that may be associated with a poor prognosis of bacte-
remia are pneumonia, underlying disease, the source of bacte-
remia, and malignancy (3, 30). Among these factors, only an-
tibiotic treatment is amenable to medical intervention, and
rapid diagnoses may have clinical impact (7, 8).

The most common nonfermenters (P. aeruginosa, A. bau-
mannii, and S. maltophilia) isolated from bacteremia are usu-
ally multiresistant bacteria (5, 10, 13). P. aeruginosa bacteremia
represented about 5.7% of the total number of bacteremias
(29) and may be as many as 25% of nosocomial gram-negative
bacteremias (3, 29). It is generally recognized that narrow-
and expanded-spectrum cephalosporins are minimally active
against nonfermenters (2, 4). With rare exceptions, the non-
fermenters are resistant to benzylpenicillin, oxacillin, lincomy-
cin, ampicillin, and cephaloridine. However, S. maltophilia is
inherently susceptible to trimethoprim-sulfamethoxazole (16,
18). Therefore, earlier information on the grouping of a gram-
negative bacteremia may help physicians narrow the selection
of antibiotics for empiric treatment of bacteremia.

In view of the high rates of isolation of nonfastidious aerobic
gram-negative bacilli from bacteremic episodes, a rapid meth-
od to differentiate fermenters from nonfermenters in positive
blood cultures may have clinical importance. The signal detec-
tion in the Bactometer is a continuous and real-time process,
with results being available within a few hours after direct in-
cubation.

TABLE 3. Direct differentiation of fermenters from nonfermenters
in positive blood cultures by measurement of

impedance change in MHB

Microorganism
No. of
strains
tested

Impedance
change (%)a,
mean 6 SD

No. (%) of
strains with
impedance
change .
breakpoint

Fermenters
Aeromonas hydrophila 11 5.7 6 1.2 11 (100)
Aeromonas spp. 7 4.9 6 1.7 7 (100)
Citrobacter freundii 7 4.4 6 0.5 7 (100)
Citrobacter koseri 2 5.2 6 0.2 2 (100)
Citrobacter spp. 7 4.4 6 0.5 7 (100)
Escherichia coli 156 4.7 6 0.8 154 (98.7)
Enterobacter cloacae 22 4.0 6 0.7 21 (95.5)
Enterobacter spp. 4 4.7 6 1.2 4 (100)
Klebsiella pneumoniae 85 4.3 6 1.0 84 (98.8)
Morganella morganii 6 4.3 6 1.1 6 (100)
Pasteurella multocida 1 3.2 1 (100)
Proteus mirabilis 10 4.8 6 0.8 10 (100)
Salmonella spp. 16 4.7 6 1.2 15 (93.8)
Serratia marcescens 3 4.1 6 1.0 3 (100)
Vibrio vulnificus 6 5.0 6 1.2 6 (100)
Vibrio cholerae, non-O1 3 5.0 6 1.4 3 (100)

Nonfermenters
Acinetobacter baumannii 17 2.0 6 0.6 1 (5.9)
Acinetobacter lwoffii 8 1.7 6 0.8 0 (0)
Acinetobacter calcoaceticus 8 2.5 6 0.4 0 (0)
Acinetobacter spp. 3 1.9 6 0.6 0 (0)
Burkholderia pickettii 5 2.0 6 0.4 0 (0)
Flavobacterium spp. 5 1.8 6 0.7 0 (0)
Pseudomonas aeruginosa 37 1.9 6 0.5 1 (2.7)
Pseudomonas spp. 8 1.6 6 0.6 0 (0)
Stenotrophomonas maltophilia 9 1.9 6 0.7 0 (0)

a Percent change of impedance in the interval from DT to DT11 h.
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