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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of the
filing date of U.S. Provisional Patent Application No.
61/599,100, filed February 15, 2012.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to the field of mi-
crobial detection in clinical samples. The invention is in
particular related to achieving faster detection of the pres-
ence or absence of bacteria in a biological sample.
[0003] The detection of the presence or absence of
microbes (e.g. bacteria) in a biological sample is a nec-
essary aspect of health care. Typically such detection
requires that the microbes be cultured to provide enough
microbes to be detected. There is a broad array of culture
media for the growth of microbes in a sample, as the
presence or absence of the microbes in the sample can
only be determined if the quantity of microbes in the test
sample is sufficient to ensure that the microbes will be
detected if they are present.
[0004] For example, bacteria in clinical blood samples
are typically detected by inoculating approximately 10 ml
of whole blood in a culture bottle containing approximate-
ly 30 mL of growth media to support bacterial multiplica-
tion. The sample incubates in the bottle in an automated
system at 35°C. The sample is monitored for the byprod-
ucts of cell metabolism or cell growth to determine the
presence or absence of bacteria in the sample. In one
example, the products of bacterial metabolism (such as
carbon dioxide) are monitored by means of chemical sen-
sors disposed within the culture bottle.
[0005] The presence of a growing bacterial population
within a culture bottle of 80 mL overall volume is typically
detected when the number of microorganisms has risen
to approximately 5x109 CFU (colony forming units). It is
obvious that many bacterial doubling events are required
to grow a bacterial population from one or two organisms
in the 10 mL blood sample to such a high number. One
solution to providing faster bacterial detection is splitting
the 10-mL sample liquid together with the required growth
media (typically 30 mL volume of growth media is com-
bined with the 10 mL of blood) into a large number of
smaller partial samples that are contained in closed small
chambers. This is described in US Patent Nos. 5,770,440
and 5,891,739 to Berndt, US Patent 5,716,798 to Mon-
thony et al., describes an array of small chambers (a 96
well array of 250 ml wells) that are not closed from each
other, but have a joint head space volume. Monthony et
al. contemplates the use of colorimetric, fluorometric, ra-
diometric, nephelometric, and infrared analysis to assay
the sample well to detect the presence or absence of
bacteria therein. Monthony et al. reports that a shortening
in the time to detection (TTD) is achieved with smaller
sample volumes.

[0006] While the splitting of the original 10-mL blood
sample together with the 30 mL of growth media is prom-
ising towards achieving faster bacterial detection, the de-
sign of a practical multi-chamber sample container for
detecting the presence or absence of microorganisms in
the one or more chambers is a challenge. For example,
if bacterial growth is detected in only one or two of the
small chambers, then these chambers need to be iden-
tified and accessed in order to remove the sample liquid
from those chambers where positive growth is detected
for downstream analysis such as ID (e.g. Maldi time-of-
flight) and antibiotic susceptibility testing (AST). Accu-
rately removing sample from discrete chambers in an
array of small chambers represents a further challenge.
[0007] Another challenge to the implementation of an
array of small-volume chambers for detecting microbial
growth is the detectors that are deployed. Optical inter-
rogation of the individual chambers requires accurate
measurements to ensure that the measurement is asso-
ciated with the appropriate chamber. Signal cross talk
from well to well also must be avoided. The deployment
of individual chemical sensors for each well can be ex-
pensive and difficult to implement.
[0008] Dielectric impedance measurement has been
evaluated as an alternative to the use of chemical sen-
sors. However, barriers to commercial deployment in-
clude the sensitivity of the impedance to temperature
fluctuations. Maintaining the temperature of the blood
culture bottle to better than +/-0.05° C is not practical for
a clinical bacterial detection environment.
[0009] In Sengupta, S, et al., "A micro-scale multifre-
quency reactance measurement technique to detect bac-
terial growth at low bio-particle concentrations," Lab
Chip, Vol. 6, pp. 682-692 (2006), a micro-fluidic chamber
of 100 ml volume was used as the chamber for sensing
response to the presence of bacteria. Sengupta et al.
reported that the sensing response can be improved rel-
ative to a simple dielectric conductivity measurement by
providing a long and very thin channel-like chamber con-
taining the sample, with very small electrodes positioned
at both ends. By using high frequencies up to 100 MHz,
the capacitive contribution of the liquid sample was
measured, which, according to Sengupta et al., is more
sensitive to the changes in capacitance in the sample
caused by the presence and/or growth of bacteria in the
chamber.
[0010] As further described in Sengupta, S., et al.,
"Rapid detection of bacterial proliferation in food samples
using microchannel impedance measurements at multi-
ple frequencies," Scns. & Instrumen. Food Qual., Vol. 4,
pp. 108-118 (2010) and Puttaswamy, S., et al., "Novel
Electrical Method for Early Detection of Viable Bacteria
in Blood Cultures," J. Clin. MicroBio., Vol. 49(6), pp.
2286-2289 (2011), temperature fluctuations are de-
scribed as the most significant challenge to the use of
the Sengupta et al. apparatus and method of using a
microfluidic environment to assay for the presence of
bacteria in a sample using a dielectric conductivity meas-

1 2 



EP 2 815 232 B1

3

5

10

15

20

25

30

35

40

45

50

55

urement.
[0011] A further limit on the Sengupta et al. apparatus
and method is the need to fill a new microfluidics chamber
(or replace the liquid sample in the microfluidics chamber
with fresh liquid sample from the culture bottle) after one
hour or so and make the next measurement with a new
sample. This approach consumes approximately 1 mL
of sample liquid within ten hours, as each previously sam-
pled portion is discarded. While sampling could happen
more often to achieve a better signal-to-noise ratio; for
slow growing microorganisms, the volume of sample con-
sumption over time could represent a serious challenge.
[0012] Therefore, there exists the need for improve-
ment if the use of dielectric measurements to detect the
presence or absence of microbes in a liquid sample is to
be commercially viable.
[0013] By way of additional background information,
European Publication No. 2 243 824 A1 relates to a de-
vice for measuring the biomass concentration of a me-
dium, International Publication No. WO 2009/136157 A2
relates to a method for characterising cells or cell struc-
tures in a sample, U.S. Patent No. 6,096,272 A relates
to a diagnostic microbiological testing system and meth-
od for microorganism identification (ID) and antimicrobial
susceptibility determinations (AST), International Publi-
cation No. WO 2004/010103 A2 relates to a device for
detecting cells and/or molecules on an electrode surface,
U.S. Publication No. 2007/0090927 A1 relates to a wire-
less sensor adapted for sensor-to-reader positional in-
dependent sensing, U.S. Publication No. 2011/0086352
A1 relates to methods and devices for label-free detec-
tion of nucleic acids that are amplified by polymerase
chain reaction, and U.S. Publication No. 2011/0081676
A1 relates to a system and method for detecting viable
bacteria in a suspension based on changes in impedance
induced by the proliferation of bacteria in the suspension.

BRIEF SUMMARY OF THE INVENTION

[0014] Disclosed herein are a microbial (e.g. bacterial)
growth detection apparatus and method that can process
a macroscopic liquid sample volume of, in preferred em-
bodiments for blood culture assays, typically 40 mL (10
mL blood; 30 mL growth media). The apparatus and
method provide an assay environment that facilitates
measurement of the capacitive impedance component,
that does not suffer from temperature fluctuations, and
that allows using a relatively simple and low-cost dispos-
able array of chambers for the dielectric measurement
of discrete sample portions that can readily be compared
with dielectric measurements of other chambers in the
array for baseline monitoring and improved ability to
quickly assay for the presence or absence of microor-
ganisms in the sample.
[0015] One embodiment of the present invention de-
scribed herein is an impedance-based microbial growth
detection method. In this method a vessel containing a
liquid sample suspected of containing microorganisms

is provided. The vessel is configured to have electrodes
positioned such that the sample is disposed between the
electrodes. The liquid sample is in physical contact with
at least one of the two electrodes. The vessel itself can
have one or more chambers, each chamber having the
electrodes positioned such that any sample in the cham-
ber is disposed between the two electrodes. Vessels and
multi-chamber plates (e.g. microtiter plates) are well
known in the art and not described in detail herein.
[0016] In one alternative of this method, a time-varying
electrical signal is applied to the first electrode in contact
with the liquid sample. The second electrode is electri-
cally connected to a phase-sensitive signal detector. A
frequency of the time-varying electrical signal is selected
so that an out-of-phase signal amplitude measured by
the detector becomes equal to about zero at the selected
frequency. That out-of-phase signal amplitude is moni-
tored over time with the phase-sensitive signal detector.
If an increase in the signal amplitude is observed over
time, this is an indication of microbial growth within the
liquid sample.
[0017] In another alternative of this method, the time-
varying electrical signal is applied to the first electrode in
contact with the liquid sample. The second electrode is
electrically connected to the phase-sensitive signal de-
tector. The out-of-phase signal amplitude is monitored
over time with the phase-sensitive signal detector. In this
method, a frequency at which the out of phase amplitude
is zero is determined by tuning a frequency of said elec-
trical signal so that an out-of-phase signal amplitude
measured by said detector becomes equal to about zero.
This step is repeated at predetermined time intervals. If
an increase in the frequency at which the out-of-phase
signal amplitude is observes, then this is an indication of
microbial growth within said liquid sample.
[0018] In another alternative of this method, the time-
varying electrical signal generated by a voltage-control-
led oscillator is applied to the first electrode. The second
electrode is again electrically connected to a phase-sen-
sitive signal detector. In this alternative an integrated out-
of-phase output signal of the detector is provided as a
frequency-control input of the voltage-controlled oscilla-
tor whereby the oscillator is tuned to a frequency at which
the out-of-phase signal amplitude measured by the de-
tector is equal to zero. An increase in the tuned frequency
over time indicates microbial growth within said liquid
sample.
[0019] In one embodiment of the method, if the vessel
is a multi-well plate, at least a plurality of the wells receive
a liquid sample suspected of containing microorganisms.
In this embodiment a time-varying electrical signal is pro-
vided to the first electrodes of the plurality of wells in the
array of wells (e.g., by a demultiplexer). The time-varying
signal transmitted through the plurality of wells is re-
ceived (e.g., by a multiplexer). The signal is transmitted
to the phase-sensitive signal detector (e.g., by a multi-
plexer).
[0020] Another embodiment of the present invention
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is an apparatus for microbial growth detection that is im-
pedance-based. The apparatus has a receptacle that re-
ceives the single vessel or multi-well plates described
above. The single vessel or on or more chambers of the
multi-well plate liquid sample suspected of containing mi-
croorganisms. Either the vessel or one of more chambers
in the multi-well plate has two electrodes positioned such
that the sample is disposed between and in contact with
the first and second electrodes.
[0021] The apparatus has a signal source that provides
a time-varying electrical signal to the first electrode that
is transmitted through the liquid sample to the second
electrode. The apparatus has a phase-sensitive signal
detector connected to the second electrode of the vessel.
The output of the signal detector indicates a change in
bulk capacity of the liquid sample if it occurs.
[0022] In this embodiment, the time-varying electrical
signal is generated by a voltage-controlled oscillator to
the first electrode. In this embodiment, the apparatus has
an integrator coupled to the output of the phase-sensitive
signal detector. The output of the integrator is coupled
to the input of the voltage-controlled oscillator. The os-
cillator is tuned to a frequency at which an out-of-phase
signal amplitude measured by the detector is equal to
zero. An output from the signal detector will indicates a
change in tuned frequency. A change in tuned frequency
is an indication of microbial growth.
[0023] In one embodiment of the apparatus, if the ves-
sel is a multi-well plate, at least a plurality of the wells
receive a liquid sample suspected of containing micro-
organisms. In this embodiment, a de-multiplexer pro-
vides the time-varying electrical signal generated to the
first electrodes of the plurality of wells in the array of wells.
The apparatus also has a multiplexer for receiving the
time-varying signal transmitted through the plurality of
wells. The multiplexer transmits the signal to the phase-
sensitive signal detector.
[0024] In embodiments of the method and apparatus
described herein, a 10-mL whole blood sample is mixed
with 30 mL of BD BACTEC™ growth media and dis-
pensed into an array of 96 chambers. Each chamber has
a total volume of 0.42 mL. The 10 mL sample size is
selected because it is an industry-accepted standard
sample size for ensuring that, if microorganisms are
present in a patient’s bloodstream, some of those micro-
organisms will be present in the 10 mL sample. The
skilled person will understand that the invention is not
limited to sample size or culture media volume other than
ensuring enough sample volume to assay the sample for
the presence or absence of microorganisms as described
herein.
[0025] In embodiments of the method and apparatus
described herein, the presence of bacteria is monitored
in each chamber (or well or micro-well, which terms are
used interchangeably herein) by subjecting the chamber
containing sample to an RF dielectric impedance meas-
urement. The electrode configuration will typically be a
bottom electrode which serves as the bottom of the cham-

ber and a top electrode disposed on the array and ex-
tending somewhat into the top portion of the chamber.
The frequency of the measurement, the diameter of the
electrodes, and the distance between the electrodes are
optimized so that any change in the bulk capacitance of
the sample liquid causes a change in the measured out-
of-phase signal component. The out of phase signal com-
ponent are signals having a different phase from the
measured signal at a given frequency.
[0026] While the conductivity component is related to
metabolic bacterial products such as different gases, the
capacitive component is reflecting the presence of bac-
teria in a well. Since the presence is detected, in embod-
iments of the method and apparatus described herein,
all wells can have a joint head space, which in turn makes
it possible to design a very simple and low-cost dispos-
able with easy access to positive chambers.
[0027] Faster bacterial detection can be achieved ac-
cording to the method and apparatus described herein
(i) due to the use of small-volume chambers, (ii) due to
comparing next neighbors in the array of chambers, and
(iii) due to the fact that the capacitive detection mecha-
nism is much more sensitive than the conductive detec-
tion mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The following Figures 1 to 18 are provided to
illustrate embodiments of the present invention.

Figure 1 depicts the base of a disposable chamber
array according to one embodiment of the present
invention.
Figure 2 is an illustration showing the base of the
chamber array of Figure 1 with an attached lid.
Figure 3 illustrates a disposable base of a chamber
array according to one embodiment of the present
invention, filled with 40 mL of sample liquid.
Figure 4 illustrates the filled and assembled dispos-
able chamber array.
Figure 5 illustrates a schematic of an impedance
measurement circuit for the chambers in the array
according to one embodiment of the present inven-
tion.
Figure 6 illustrates a mechanism for interrogating the
individual chambers of the disposable array.
Figure 7 shows two plots representing the calculated
out-of-phase signal component versus the circular
measurement frequency for two values of the sample
capacitance.
Figure 8 shows the same two plots as in Figure 7,
but in linear Y-scaling, and only within the circular
frequency range 105 - 106 1/s, i.e. where a zero-
crossing is observed.
Figure 9 shows the expected shortening in the time-
to-detection that results from using small-volume
chambers in combination with enhanced sensor res-
olution due to comparing next neighbors in an array,
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and due to measuring the capacitive impedance
component.
Figure 10 illustrates one embodiment of an appara-
tus for measuring the dielectric capacitance of a liq-
uid sample to determine the presence or absence of
microorganisms therein.
Figure 11 compares the area of the 96 well plate
described herein with the area of a standard 96 well
test plate.
Figure 12 illustrates the relationship between the out-
of-phase signal and frequency.
Figures 13A and 13B represent actual data further
illustrating the relationship between frequency and
the out-of-phase signal (referred to as the imaginary
portion of the signal).
Figure 14A-C are a series of recorded spectra for
different wells of identical volume and composition,
as measured using a Stanford Research Systems
Model SR850 100-kHz DSP lock-in amplifier in an
experimental setup depicted in Figure 10.
Figure 15 illustrates the time/frequency relationship
for media spiked with E. coli based on recorded spec-
tra for a small well, and a growth curve recorded in
parallel on a BACTEC™ blood culture instrument
from Becton Dickinson Diagnostics, Sparks, MD, us-
ing a large BACTEC™ bottle, filled with the same
liquid sample.
Figure 16 illustrates the time it takes for the out-of-
phase signal component to turn towards positive val-
ues due to an increasing bulk capacitance for a
BACTEC™ media spiked with E. coli. The curve on
the right represents a growth curve recorded in par-
allel on a BACTEC™ blood culture instrument from
Becton Dickinson Diagnostics, Sparks, MD, using a
large BACTEC™ bottle, filled with the same liquid
sample.
Figure 17 illustrates that early growth is detected if
the scale of the measured out-of-phase signal is
magnified.
Figure 18 illustrates an alternate embodiment of an
apparatus for measuring the dielectric capacitance
of a liquid sample to determine the presence or ab-
sence of microorganisms therein whereby the meas-
uring frequency of the signal generator is automati-
cally tuned to and kept at the zero-crossing frequen-
cy.

DETAILED DESCRIPTION

[0029] The examples of the present invention de-
scribed herein are in the context of detecting for the pres-
ence or absence of bacteria in a blood sample. Unless
otherwise stated, the biological sample is a 10-mL whole
blood sample that is mixed with 30 mL of BD BACTEC™
growth media. The sample and media combined are dis-
pensed into an array of 96 chambers of 0.42 mL volume
each. Although numerous examples are so described,
the skilled person will understand that the disclosed

method and apparatus can be used to test a variety of
different samples (tissue samples, sputum samples,
urine samples, etc.) combined with a variety of different
growth media. While the described chamber volume and
chamber array are advantageous in terms of the volume
of a combined blood/media sample, the skilled person
can select chamber volume and array size for a particular
environment.
[0030] The presence or absence of bacteria is deter-
mined using RF dielectric impedance measurement. The
electrode configuration and the frequency are configured
as described herein to ensure that any change in the bulk
capacitance of the sample liquid causes a change in the
measured out-of-phase signal component.
[0031] While the conductivity component is a meas-
urement that is related to the presence or absence of
metabolic bacterial byproducts such as different gases
(e.g. CO2) in the sample, the capacitive component more
directly reflects the absolute presence or absence of bac-
teria in a well. Since the presence of the bacteria (and
not the metabolic byproducts of the bacteria) is detected,
all wells in the array can share a common or joint head
space. This relieves the well array of a design constraint
(i.e. wells or chambers isolated from each other in a gas-
tight fashion), which in turn permits a very simple and
low-cost disposable array of wells with easy access to
those wells that contain sample determined to be positive
for bacteria.
[0032] Referring to the Figures, Figure 1 is a cut away
side view of an array 100. The base 110 of the wells 120
have electrodes 130 in electrical communication with
contacts 140. The volume of the wells 120 is 0.5 mL with
a height of 26 mm and a diameter of 5 mm. The housing,
150, is made of plastic, making the assembly low cost.
[0033] Figure 2 illustrates the base 110 of the wells
120 of Figure 1 with an attached lid 170. The lid 170 has
an underlying metallized layer 160 which serves as the
top electrode for each well. The top electrodes extend
into their respective wells such that the distance between
the top electrode and the bottom electrode is 21.5 mm.
In this embodiment, as described below, the 21.5 mm
distance is advantageous for detecting changes in im-
pedance attributable to the presence of bacteria in the
sample.
[0034] Figure 3 illustrates the well array of Figure 1
with the chambers filled with sample liquid 180. Although
listed in side view, the array 100 is a 96 well array (12x8)
that will accept 40 mL of sample liquid among the 96 (0.5
mL) wells.
[0035] Figure 4 illustrates the well array of Figure 1
with the chambers filled with sample liquid 180. The ef-
fective disposable volume that is monitored for the pres-
ence of bacteria is the space between the electrodes,
which is only 0.417 mL in the illustrated embodiment.
The effective head space volume for the well array is
15.3 mL. Due to the joint head space, the ratio gas/liquid
is higher or equal to the BACTEC™ ratio for up to 36
positive chambers. This means that for a bacterial load

7 8 



EP 2 815 232 B1

6

5

10

15

20

25

30

35

40

45

50

55

of up to 36 CFU per 10 mL of whole blood there would
exist optimum growth conditions. For a bacterial load
higher than 36 CFU per 10 mL of whole blood, the growth
conditions would be somewhat less than optimum, but
these cases are rare. One should keep in mind that a 10-
mL blood sample is recommended to catch at least one
or two microorganisms from the patients in the sample
volume.
[0036] Figure 5 illustrates a schematic of an imped-
ance measurement circuit 200 for the wells 120 in the
array 100 according to one embodiment of the present
invention. In this embodiment, a signal source 210 is ap-
plied to a top electrode 120 and a vector voltmeter 220
is used to detect the impedance of the sample 180 and
changes in impedance relative to a reference voltage
230. Demultiplexers 240 and multiplexers 250 are de-
ployed to ensure that the signal is applied and read well
by well.
[0037] Figure 6 illustrates a mechanism for interrogat-
ing the individual chambers of the disposable array. All
96 chambers can be individually interrogated using an
8-channel demultiplexer 240 to address the upper elec-
trodes, and a 12-channel multiplexer 250 for signal pick-
up at the lower electrodes.
[0038] Figure 7 illustrates two plots representing the
calculated out-of-phase signal component versus the cir-
cular measurement frequency (ω=2Πf) for two values of
the sample capacitance. These measurements are for a
single well. The solid line 260 is for a well with a capacity
of 0.66 pF due to its bacterial load. The dashed line 270
is for a well with a capacity twice that of the well from
which the solid line signal was measured. Note that, at
lower frequencies, there is no difference in the out-of-
phase signal of the two wells, despite the different bac-
teria-induced capacities. However, at higher frequen-
cies, different signals for different bacteria concentra-
tions were observed.
[0039] Figure 8 shows the same two plots as in Figure
7, but in linear Y-scaling, and only within the circular fre-
quency range 105 - 106 1/s, where a bulk-capacity de-
pendent zero-crossing frequency is observed. Since an
increasing number of bacteria within the bulk suspension
are expected to increase the bulk capacitance, bacterial
growth is expected to cause a shift in the initial zero-
crossing frequency to higher values. It is also possible
according to the embodiments described herein to de-
termine the initial zero-crossing frequency, to tune the
measuring frequency to this value, and to monitor the
out-of-phase signal amplitude over time. An increase in
the number of bacteria in the suspension would then
cause an increase in the out-of-phase signal amplitude.
In other words, the presence of a growing population of
bacteria can be detected by monitoring the out-of-phase
signal amplitude over time.
[0040] Figure 9 illustrates the expected shortening in
the time-to-detection that results from using small-vol-
ume wells in combination with enhanced sensor resolu-
tion due to comparing next neighbors in an array, and

due to measuring the capacitive impedance component.
Specifically, Figure 9 illustrates that, for sensors of all
sensitivity, a decrease in volume provides for a decrease
in time to detection. Lowering the volume from that of the
standard BACTEC™ bottle (8 x 104 ml) to the volume of
the wells described in the embodiments herein (500 ml)
provide for a significantly reduced time to detection.
[0041] Faster bacterial detection is achieved by the ap-
paratus and method described herein (i) due to the use
of small-volume chambers (e.g. 0.5 mL or less), (ii) due
to the ability to compare the measurement of one well
with the measurement obtained from a neighboring well
in real time, and (iii) due to the fact that the frequency-
dependent capacitive detection mechanism is much
more sensitive than the conductive detection mecha-
nism.
[0042] As noted above, the method and apparatus of
the present invention can be used with a wide array of
samples and growth media. The testing environment can
be tailored to the sampling environment to provide a fa-
vorable number of wells for the sample volume (com-
bined with media). It is advantageous if the media is only
weakly conductive as this makes change in impedance
due to the presence of bacteria, measured as change in
bulk capacitance, easier to measure. The macroscopic
well arrays are easier to work with than the micro-fluidic
chambers deployed in prior art to measure a change in
capacitance of the sample, need only one filling, are dis-
posable, and can accept and monitor a full 10-mL blood
sample. Also, bacteria will grow in the macroscopic wells
described herein and will experience slow growth or no
growth in an enclosed microfluidic environment without
sufficient head space volume.
[0043] Furthermore, an open array of micro-wells will
provide a sufficient amount of oxygen for optimum growth
of aerobic microorganism species during the whole
growth process due to the joint head space. There is no
need for sealed chambers, because no gaseous metab-
olites are monitored. Enhanced practical sensing reso-
lution is achieved due to the use of an array of wells that
enables real time well to well comparison of the imped-
ance measurements. The present invention is advanta-
geous because it does not require the use of a chemical
sensor. The open array is not only inexpensive and dis-
posable, it is also suitable for use with robotic automation
such as dispensing and extracting of blood sample and
transfer of sample from positive chambers into other
wells or a second disposable of similar design for down-
stream ID/AST procedures on same instrument.
[0044] Figure 10 is a more detailed illustration showing
an apparatus according to one embodiment of the
present invention. A common lock-in amplifier containing
an internal signal generator 210 is used to feed a sinu-
soidal RF signal to one electrode of a dielectric imped-
ance measuring chamber 220. The second electrode of
said chamber is connected with the signal input 235 of
said lock-in amplifier.
[0045] As is known to someone skilled in the art, the
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sample liquid within said chamber, which is in direct con-
tact with the two electrodes, can be described by the
electrical network shown in the dashed box 225 of Figure
10. Hereby, Ci represents the interface capacitance be-
tween the metal electrodes and the liquid, Ri represents
the interface resistance between the metal electrodes
and the liquid, Rb is the bulk resistance of the liquid, and
Cb is the bulk capacitance.
[0046] It is assumed that the lock-in amplifier internal
signal generator 210 has a typical internal resistance of
50 Ω, and that the lock-in amplifier input stage 235 has
a typical capacitance of 15 pF and a typical input resist-
ance of 10 MΩ.
[0047] According to the present invention, a source-
matching resistor Rs (215), as shown in Figure 10, and
a measuring load resistor Rm (216), also shown in Figure
10, can be selected so that, for a given dielectric meas-
uring chamber and liquid, the frequency spectrum of the
out-of-phase component of the measurement signal
shows a zero-crossing feature that (i) is dependent on
the value of Cb, and (ii) is positioned at a conveniently
low frequency below 100 kHz, allowing the use of stand-
ard lock-in amplifiers. The data recorded in the accom-
panying figures has been obtained with a Stanford Re-
search Systems Model SR850 100-kHz DSP lock-in am-
plifier. It has been found that Rs = 500 Ω and Rm = 500
Ω are producing zero-crossing frequencies within the
range 30 - 100 kHz for typical blood culture growth media
such as Standard Aerobic/F from Becton Dickinson Di-
agnostics in Sparks, MD. In an apparatus according to
Figure 10, the out-of-phase signal amplitude as meas-
ured with the lock-in amplifier 235 is inversely proportion-
al to the out-of-phase impedance value. In other words,
the out-of phase impedance value is at its maximum at
a zero-crossing frequency of the out-of-phase signal am-
plitude as measured in the manner described herein. It
should be understood that the apparatus illustrated in
Figure 10 is only one example. The skilled person will
understand that the method and apparatus described
herein can be reduced to practice by using any appro-
priate signal generator and any appropriate vector volt-
meter as indicated in the apparatus illustrated in Figure 5.
[0048] It should be noted that changing the dimensions
of the impedance measuring chamber, or replacing the
growth media with another liquid sample, will result in
other optimum values for Rs and Rm.
[0049] Figure 11 compares the area of the 96 well plate
410 described herein with the area of a standard 96 well
test plate 400. The test well plate described herein has
a substantially reduced area compared to the standard
96 well test plate.
[0050] As discussed above in the context of Figure 10,
the method described herein leverages the relationship
between bulk capacitance and the frequency spectrum
of the out-of phase-component of the measurement sig-
nal. For better comparison between calculated and ac-
tually measured frequency spectra, Figure 12 shows the
calculated spectrum from Figure 7, but in linear scaling.

Again, at lower circular frequencies the spectrums for
samples having the two different capacitance are virtually
identical.
[0051] The plots in Figures 13A and 13B show actually
recorded data using Becton Dickinson BACTEC™
Standard Aerobic/F growth media, without bacteria. As
can be seen from Figure 13A, the recorded spectrum
looks very similar to the calculated one shown in Figure
12. In this case, a zero-crossing feature is observed near
60 kHz. The plot shown in Figure 13B is best understood
when compared with Figure 8. Due to the fact that no
bacteria are present in the actual sample, only one zero-
crossing frequency is observed in Figure 13B. The
screen images shown in Figures 14A to 14C indicate that
very similar frequency spectra with a zero-crossing fea-
ture are observed for all wells that are interrogated. Note
that each well shows a different zero-crossing frequency,
even if each well is filled with the same amount of growth
media. However, this does not present a problem since
an automated instrument will determine the zero-cross-
ing frequency for each well, and the determination of pos-
sible bacterial growth is performed at these frequencies.
[0052] As previously noted, the concentration of bac-
teria growing in a sample affects the bulk capacitance of
the sample (all other factors being the same).
[0053] Figure 15 illustrates that, for a given sample, a
change in bacterial concentration will result in a change
in frequency at which the out-of-phase signal is zero.
Therefore, one skilled in the art will appreciate that one
can detect bacterial growth by monitoring the frequency
of this zero-crossing feature of the out-of-phase signal.
A change in the frequency towards higher frequencies is
a change in bacteria concentration attributable to bacte-
rial growth. The plot on the left in Figure 15 shows such
change towards higher frequencies at about 3.5 hours
after incubation. In other words, the presence of a grow-
ing bacterial population was detected after 3.5 hours. The
plot on the right in Figure 15 is the growth curve measured
on a BACTEC™ instrument for a BACTEC™ bottle con-
taining the very same sample liquid. In this case, the pres-
ence of bacteria was detected at 9.33 hours.
[0054] Instead of determining a possible shift in the
zero-crossing frequency every 10 minutes as in Figure
15, one could determine an initial zero-crossing frequen-
cy only once, operate the setup at this fixed frequency,
and monitor the time course of the out-of-phase signal
amplitude. If there were no drift effects, and no bacterial
growth would happen, said amplitude would stay at Zero.
Bacterial growth would cause a change in signal ampli-
tude towards positive values as a consequence of an
increasing bulk capacitance.
[0055] In practical experimental setups, there may be
a drift in the signal amplitude over time. A drift towards
negative amplitude values for the BACTEC™ Standard
Aerobic/F growth media is observed. This is shown in
Figure 16, where the frequency was fixed at the initial
zero-crossing value, and then the out-of-phase signal
amplitude was recorded over time. As can be seen, the
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signal amplitude is moving towards negative values after
incubation, but turns sharply towards positive values after
three hours. This means the presence of a growing bac-
terial population was detected after three hours. A
BACTEC™ growth curve, shown on the right in Figure
16 for comparison, reveals the presence of bacterial
growth after 9.25 hours.
[0056] The "growth curve" on the left in Figure 16
shows a very steep increase. Figure 17 illustrates the
complete data set of the curve shown in Figure 16. This
curve shows a further steep increase after approximately
9 hours, i.e. when the culture bottle on the BACTEC™
instrument became positive. Although applicant does not
wish to be held to a particular theory, applicant submits
this is indicative of the chemical sensor response to more
robust chemical changes in a culture bottle. The bulk-
capacitance related impedance approach is much more
sensitive. The growth curves on the right in Figure 17
illustrate that, even with different degrees of "y-zooming"
to the exclusion of zooming in x, only one curve shows
growth within two hours. Consequently, bacterial growth
may very well take place long before a typical chemical
sensor can detect it.
[0057] Figure 18 illustrates an alternate embodiment
of an apparatus for measuring the dielectric capacitance
of a liquid sample to determine the presence or absence
of microorganisms therein that was described in FIG. 10
but with automatic tuning of the measurement frequency
to the bacteria-dependent zero-crossing frequency. The
out-of-phase signal output of a phase-sensitive signal
detector is connected to the input of an electronic inte-
grator. The output of the integrator is connected to the
frequency-control input of a voltage-controlled oscillator
that acts as the signal generator as in the apparatus
shown in 210A Figure 10. Again, Ci represents the inter-
face capacitance between the metal electrodes and the
liquid, Ri represents the interface resistance between the
metal electrodes and the liquid, Rb is the bulk resistance
of the liquid, and Cb is the bulk capacitance.
[0058] In this embodiment, a sinusoidal electrical sig-
nal is generated by a voltage-controlled oscillator
("VOC") and electrically coupled to an electrode 460 in
contact with the sample. A second electrode, also in con-
tact with the sample, is electrically connected to a phase-
sensitive signal detector. The out-of-phase output signal
of the phase-sensitive signal detector is coupled to an
integrator. The output of the integrator is coupled to the
frequency-control input of the VOC. This causes the fre-
quency of the VOC to be tuned until the out-of-phase
signal amplitude measured by the phase-sensitive signal
detector is zero. Over time, an increase in the tuned fre-
quency indicates microorganism growth within the sam-
ple.
[0059] In operation, the integrator output voltage is af-
fecting the frequency of the voltage-controlled oscillator.
This can be explained e.g. by referring to Figures 13A
and 13B. If in this example the starting frequency is below
60 kHz, the out-of-phase signal amplitude is positive.

This leads to a positive output voltage at the integrator
output and, consequently in an increase in the frequency
of the voltage-controlled oscillator. The increase in fre-
quency will continue until the zero-crossing frequency is
reached. At this moment, the out-of-phase amplitude be-
comes zero, and no further integration occurs, leaving
the frequency of the voltage-controlled oscillator at the
zero-crossing frequency, which is 60.723 kHz in this ex-
ample. If the initial frequency is too high, the actual zero-
crossing frequency would be automatically approached
from the too high frequency. The presence of bacteria
could be detected by recording the zero-crossing fre-
quency over time, and looking for an increase.
[0060] The advantage of the apparatus according to
Figure 18 is that a zero-crossing frequency can be de-
termined with extremely high precision. Due to the fact
that a "Zero Signal" is generated at the output of the
phase-sensitive signal detector, any drift in the signal
generator amplitude or in the internal gain of the phase-
sensitive signal detector will have no effect on the auto-
matically tuned zero-crossing frequency, which repre-
sents the system output information.

Claims

1. An impedance-based microbial growth detection
method comprising the steps of:

providing a vessel containing a liquid sample
suspected of containing microorganisms dis-
posed between and in contact with first and sec-
ond electrodes wherein optionally the vessel is
part of a sample container having one or more
vessels;
providing a time-varying electrical signal to the
first electrode in contact with the liquid sample,
wherein the second electrode is electrically con-
nected to a phase-sensitive signal detector; and
one of:

a) selecting a frequency of said electrical
signal so that an out-of-phase signal ampli-
tude measured by said detector becomes
equal to zero at the selected frequency, and
monitoring the out-of-phase signal ampli-
tude over time with the phase-sensitive sig-
nal detector, wherein an increase in the sig-
nal amplitude over time indicates microbial
growth within the liquid sample;
b) monitoring the out-of-phase signal am-
plitude over time with the phase-sensitive
signal detector,
determining a frequency at which the out of
phase amplitude is zero by tuning a frequen-
cy of said electrical signal so that an out-of-
phase signal amplitude measured by said
detector becomes equal to zero; and
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repeating the determining step at predeter-
mined time intervals;
wherein an increase in said frequency over
time is an indication of microbial growth
within said liquid sample; or
c) wherein the time-varying signal is gener-
ated by a voltage-controlled oscillator; and
providing an integrated out-of-phase output
signal of said detector into a frequency-con-
trol input of the voltage-controlled oscillator
whereby the oscillator is tuned to a frequen-
cy at which an out-of-phase signal ampli-
tude measured by the detector is equal to
zero and wherein an increase in said tuned
frequency over time indicates microbial
growth within said liquid sample.

2. The method of claim 1 wherein the vessel is an array
of vessels at least a plurality of which contain a liquid
sample suspected of containing microorganisms dis-
posed between and in contact with first and second
electrodes disposed on the array of vessels the im-
pedance-based bacterial detection method further
comprising:

providing a time-varying electrical signal gener-
ated to the first electrodes of the plurality of ves-
sels in the array of vessels, and
receiving the time-varying signal transmitted
through the plurality of vessels; and
transmitting the signal to the phase-sensitive
signal detector.

3. The method of claim 1 wherein the volume of the
sample is about 40 mL.

4. The method of claim 1 wherein the sample is com-
bined with growth media in which microorganisms,
if present in the sample, will grow.

5. The method of claim 4 wherein the sample is about
10mL of blood combined with about 30 mL of growth
media.

6. The method of claim 2 wherein the array of vessels
share a common head space.

7. The method of claim 1 wherein the first electrode is
a bottom electrode that forms the bottom of the ves-
sel and the second electrode is a top electrode that
extends into the vessel to contact the sample.

8. An impedance-based microbial growth detection ap-
paratus comprising:

a receptacle adapted to receive a sample con-
tainer comprising at least one vessel adapted to
contain a liquid sample suspected of containing

microorganisms disposed between and in con-
tact with first and second electrodes disposed
on the at least one vessel;
a voltage-controller oscillator for providing a
time-varying electrical signal to the first elec-
trode that is transmitted through the liquid sam-
ple to the second electrode;
a phase-sensitive signal detector connected to
the second electrode of the vessel;
an output from the signal detector that indicates
a change in bulk capacity of the liquid sample;
and
an integrator coupled to the output of the signal
detector, the output of the integrator coupled to
an input of the voltage-controlled oscillator;
wherein the oscillator is tunable to a frequency
at which an out-of-phase signal amplitude
measured by the detector is equal to zero; and
wherein the output from the signal detector in-
dicates a change in tuned frequency.

9. The apparatus of claim 8 wherein the at least one
vessel is an array of vessels at least a plurality of
which are adapted to contain a liquid sample sus-
pected of containing microorganisms disposed be-
tween and in contact with first and second electrodes
disposed on the array of vessels the impedance-
based bacterial detection apparatus further compris-
ing:

a demultiplexer for providing the time-varying
electrical signal generated to the first electrodes
of the plurality of vessels in the array of vessels,
and
a multiplexer for receiving the time-varying sig-
nal transmitted through the plurality of vessels
and transmitting the signal to the phase-sensi-
tive signal detector.

10. The apparatus of claim 9 wherein the array of vessels
share a common head space,

11. The apparatus of claim 8 wherein the first electrode
is a bottom electrode that forms the bottom of the
vessel and the second electrode is a top electrode
that extends into the vessel to contact the sample.

Patentansprüche

1. Bakterienwachstum-Detektionsverfahren auf Impe-
danzbasis, aufweisend die Schritte:

Bereitstellen eines Gefäßes mit einer darin ent-
haltenen flüssigen Probe, die in Verdacht steht,
Mikroorganismen zu enthalten, und die zwi-
schen und in Kontakt mit ersten und zweiten
Elektroden angeordnet ist, wobei optional das
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Gefäß Teil eines Probenbehälters mit einem
oder mehreren Gefäßen ist;
Bereitstellen eines zeitveränderlichen elektri-
schen Signals an der ersten Elektrode in Kontakt
mit der flüssigen Probe, wobei die zweite Elek-
trode mit einem phasenempfindlichen Signalde-
tektor elektrisch verbunden ist; und
einen der folgenden Schritte:

a) Wählen einer Frequenz des elektrischen
Signals, so dass bei der gewählten Fre-
quenz eine von dem Detektor gemessene
Außer-Phase-Signalamplitude gleich Null
wird, und Überwachen der Außer-Phase-
Signalamplitude im Verlaufe der Zeit mithil-
fe des phasenempfindlichen Signaldetek-
tors, wobei eine Zunahme der Signalamp-
litude im Verlaufe der Zeit mikrobielles
Wachstum in der flüssigen Probe anzeigt;
b) Überwachen der Außer-Phase-Sig-
nalamplitude im Verlaufe der Zeit mithilfe
des phasenempfindlichen Signaldetektors,
Bestimmen einer Frequenz, bei der die Au-
ßer-Phase-Amplitude null ist, durch Abstim-
men einer Frequenz des elektrischen Sig-
nals, so dass eine von dem Detektor ge-
messene Außer-Phase-Signalamplitude
Null wird; und
Wiederholen des Bestimmungsschritts in
vorgegebenen Zeitintervallen;
wobei eine Erhöhung der Frequenz im Ver-
laufe der Zeit mikrobielles Wachstum in der
flüssigen Probe anzeigt; oder
c) wobei das zeitveränderliche elektrische
Signal von einem spannungsgesteuerten
Oszillator erzeugt wird; und

Zuführen eines integrierten Außer-Phase-Aus-
gabesignals des Detektors in einen Frequenz-
steuerungseingang des spannungsgesteuerten
Oszillators, wodurch der Oszillator auf eine Fre-
quenz abgestimmt wird, bei der eine von dem
Detektor gemessene Außer-Phase-Signalamp-
litude gleich Null ist und wobei eine Erhöhung
der abgestimmten Frequenz im Verlaufe der
Zeit mikrobielles Wachstum in der flüssigen Pro-
be anzeigt.

2. Verfahren nach Anspruch 1, wobei das Gefäß ein
Array von Gefäßen ist, von denen mindestens meh-
rere eine flüssige Probe enthalten, die in Verdacht
steht, Mikroorganismen zu enthalten, und die zwi-
schen und in Kontakt mit ersten und zweiten Elek-
troden angeordnet ist, die an dem Gefäße-Array an-
geordnet sind, wobei das Bakteriendetektionsver-
fahren auf Impedanzbasis ferner aufweist:

Bereitstellen eines zeitveränderlichen elektri-

schen Signals an den ersten Elektroden der
mehreren Gefäße in dem Gefäße-Array, und
Empfangen des durch die mehreren Gefäße ge-
leiteten zeitveränderlichen Signals; und
Senden des Signals zu dem phasenempfindli-
chen Detektor.

3. Verfahren nach Anspruch 1, wobei das Volumen der
Probe ungefähr 40mL ist.

4. Verfahren nach Anspruch 1, wobei die Probe mit
Wachstumsmedium kombiniert ist, in welchem Mi-
kroorganismen, falls in der Probe vorhanden, wach-
sen werden.

5. Verfahren nach Anspruch 4, wobei die Probe unge-
fähr 10mL Blut, kombiniert mit ungefähr 30mL
Wachstumsmedium, ist.

6. Verfahren nach Anspruch 2, wobei das Gefäße-Ar-
ray einen gemeinsamen Kopfraum hat.

7. Verfahren nach Anspruch 1, wobei die erste Elek-
trode eine Bodenelektrode ist, die den Boden des
Gefäßes bildet, und die zweite Elektrode eine obere
Elektrode ist, die sich in das Gefäß erstreckt, um die
Probe zu kontaktieren.

8. Bakterienwachstum-Detektionsvorrichtung auf Im-
pedanzbasis aufweisend:

einen Aufnahmebehälter zur Aufnahme eines
Probenbehälters, der mindestens ein Gefäß
aufweist, das geeignet ist, eine flüssige Probe
zu enthalten, die in Verdacht steht, Mikroorga-
nismen zu enthalten und die zwischen und in
Kontakt mit ersten und zweiten Elektroden an-
geordnet ist, die an dem mindestens einen Ge-
fäß angeordnet sind;
einen spannungsgesteuerten Oszillator zum
Bereitstellen eines zeitveränderlichen elektri-
schen Signals an der ersten Elektrode, das
durch die flüssige Probe zu der zweiten Elektro-
de geleitet wird;
einen mit der zweiten Elektrode des Gefäßes
verbundenen phasenempfindlichen Signalde-
tektor;
einen Ausgang mit einem Ausgabesignal aus
dem Signaldetektor, das eine Volumenkapazi-
tätsänderung der flüssigen Probe anzeigt; und
einen mit dem Ausgang des Signaldetektors ge-
koppelten Integrierer, wobei der Ausgang des
Integrierers mit einem Eingang des spannungs-
gesteuerten Oszillators gekoppelt ist;
wobei der Oszillator auf eine Frequenz ab-
stimmbar ist, bei der eine von dem Detektor ge-
messene Außer-Phase-Signalamplitude gleich
Null ist; und
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wobei das Ausgabesignal aus dem Signaldetek-
tor eine Änderung der abgestimmten Frequenz
anzeigt.

9. Vorrichtung nach Anspruch 8, wobei das mindestens
eine Gefäß ein Array von Gefäßen ist, von denen
mindestens mehrere geeignet sind, eine flüssige
Probe zu enthalten, die in Verdacht steht, Mikroor-
ganismen zu enthalten, die zwischen und in Kontakt
mit ersten und zweiten Elektroden angeordnet ist,
die an dem Gefäße-Array angeordnet sind, wobei
die Bakteriendetektionsvorrichtung auf Impedanz-
basis ferner aufweist:

einen Demultiplexer zum Bereitstellen des an
den ersten Elektroden der mehreren Gefäße
des Gefäße-Array erzeugten zeitveränderlichen
elektrischen Signals, und
einen Multiplexer zum Empfangen des durch die
mehreren Gefäße geleiteten zeitveränderlichen
Signals und Senden des Signals zu dem pha-
senempfindlichen Signaldetektor.

10. Vorrichtung nach Anspruch 9, wobei das Gefäße-
Array einen gemeinsamen Kopfraum hat.

11. Vorrichtung nach Anspruch 8, wobei die erste Elek-
trode eine Bodenelektrode ist, die den Boden des
Gefäßes bildet, und die zweite Elektrode eine obere
Elektrode ist, die sich in das Gefäß erstreckt, um die
Probe zu kontaktieren.

Revendications

1. Procédé de détection de croissance microbienne à
base d’impédance comprenant les étapes consis-
tant à :

fournir un récipient contenant un échantillon li-
quide suspecté de contenir des micro-organis-
mes disposé entre et en contact avec des pre-
mière et seconde électrodes, dans lequel facul-
tativement le récipient fait partie d’un conteneur
d’échantillon comportant un ou plusieurs
récipients ;
fournir un signal électrique variant dans le temps
à la première électrode en contact avec l’échan-
tillon liquide, dans lequel la seconde électrode
est connectée électriquement à un détecteur de
signal sensible à une phase ; et l’une quelcon-
que des étapes consistant à :

a) sélectionner une fréquence dudit signal
électrique de sorte qu’une amplitude de si-
gnal déphasé mesurée par ledit détecteur
devienne égale à zéro à la fréquence sélec-
tionnée, et surveiller l’amplitude de signal

déphasé dans le temps avec le détecteur
de signal sensible à une phase, dans lequel
une augmentation de l’amplitude de signal
dans le temps indique une croissance mi-
crobienne au sein de l’échantillon liquide ;
b) surveiller l’amplitude de signal déphasé
dans le temps avec le détecteur de signal
sensible à une phase,
déterminer une fréquence à laquelle l’am-
plitude de déphasage est nulle en accor-
dant une fréquence dudit signal électrique
de sorte qu’une amplitude de signal dépha-
sé mesurée par ledit détecteur devienne
égale à zéro ; et
répéter l’étape de détermination à des in-
tervalles de temps prédéterminés ;
dans lequel une augmentation de ladite fré-
quence dans le temps est une indication de
croissance microbienne à l’intérieur dudit
échantillon liquide ; ou
c) dans lequel le signal variant dans le
temps est généré par un oscillateur com-
mandé en tension ; et fournir un signal de
sortie déphasé intégré dudit détecteur dans
une entrée de commande de fréquence de
l’oscillateur commandé en tension, de sorte
que l’oscillateur est accordé à une fréquen-
ce à laquelle une amplitude de signal dé-
phasé mesurée par le détecteur est égale
à zéro et dans lequel une augmentation de
ladite fréquence accordée dans le temps in-
dique une croissance microbienne dans le-
dit échantillon liquide.

2. Procédé selon la revendication 1, dans lequel le ré-
cipient est un ensemble de récipients dont au moins
plusieurs contiennent un échantillon liquide suspec-
té de contenir des microorganismes disposé entre
et en contact avec des première et seconde électro-
des disposées sur l’ensemble de récipients, le pro-
cédé de détection bactérienne à base d’impédance
comprenant en outre les étapes consistant à :

fournir un signal électrique variant dans le temps
généré aux premières électrodes de la pluralité
de récipients dans l’ensemble de récipients, et
recevoir le signal variant dans le temps transmis
à travers la pluralité de récipients ; et
transmettre le signal au détecteur de signal sen-
sible à une phase.

3. Procédé selon la revendication 1, dans lequel le vo-
lume de l’échantillon est d’environ 40 ml.

4. Procédé selon la revendication 1, dans lequel
l’échantillon est combiné à un milieu de croissance
dans lequel des micro-organismes, s’ils sont pré-
sents dans l’échantillon, vont croître.
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5. Procédé selon la revendication 4, dans lequel
l’échantillon comprend environ 10 ml de sang asso-
cié à environ 30 ml de milieu de croissance.

6. Procédé selon la revendication 2, dans lequel l’en-
semble de récipients partage un espace libre com-
mun.

7. Procédé selon la revendication 1, dans lequel la pre-
mière électrode est une électrode inférieure qui for-
me le fond du récipient et la seconde électrode est
une électrode supérieure qui s’étend dans le réci-
pient pour entrer en contact avec l’échantillon.

8. Appareil de détection de croissance microbienne à
base d’impédance comprenant :

un réceptacle adapté pour recevoir un conte-
neur d’échantillon comprenant au moins un ré-
cipient adapté pour contenir un échantillon liqui-
de suspecté de contenir des microorganismes
disposé entre et en contact avec des première
et seconde électrodes disposées sur le au moins
un récipient ;
un oscillateur de commande de tension destiné
à fournir à la première électrode un signal élec-
trique variant dans le temps qui est transmis à
la seconde électrode à travers l’échantillon
liquide ;
un détecteur de signal sensible à une phase
connecté à la seconde électrode du récipient ;
une sortie à partir du détecteur de signal qui in-
dique un changement de la capacité en vrac de
l’échantillon liquide ; et
un intégrateur couplé à la sortie du détecteur de
signal, la sortie de l’intégrateur étant couplée à
une entrée de l’oscillateur commandé en
tension ;
dans lequel l’oscillateur est accordable sur une
fréquence à laquelle une amplitude de signal
déphasé mesurée par le détecteur est égale à
zéro ; et
dans lequel la sortie à partir du détecteur de si-
gnal indique un changement de fréquence ac-
cordée.

9. Appareil selon la revendication 8, dans lequel le au
moins un récipient est un ensemble de récipients
dont au moins plusieurs sont adaptés pour contenir
un échantillon liquide suspecté de contenir des mi-
croorganismes disposé entre et en contact avec des
première et seconde électrodes disposées sur l’en-
semble de récipient, l’appareil de détection bacté-
rienne à base d’impédance comprenant en outre :

un démultiplexeur pour fournir le signal électri-
que variant dans le temps généré aux premières
électrodes de la pluralité de récipients dans l’en-

semble de récipients, et
un multiplexeur destiné à recevoir le signal va-
riant dans le temps transmis par la pluralité de
récipients et à transmettre le signal au détecteur
de signal sensible à une phase.

10. Appareil selon la revendication 9, dans lequel l’en-
semble de récipients partage un espace libre com-
mun.

11. Appareil selon la revendication 8, dans lequel la pre-
mière électrode est une électrode inférieure qui for-
me le fond du récipient et la seconde électrode est
une électrode supérieure qui s’étend dans le réci-
pient pour entrer en contact avec l’échantillon.
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