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DESCRIPTION
Field of the invention

[0001] The invention relates to a method of identifying biological material that comprises 
microorganisms in a sample in accordance with the preamble of claim 1. Such a method is 
disclosed in an article titled "Matrix-assisted laser deporption/ionization aerosol time of flight 
mass spectroscopy for the analysis of bioaerosols: development of a fast detector for airborne 
biological pathogens" by A.L. van Wuijckhuijse et al and published in the Journal of Aerosol 
Science Vol 36 pages 677-697 (EPO reference XP004936536). This document describes the 
use of a nebulizer to nebulize solutions that were produced by diluting mono-culture bacterial 
samples to predetermined values. The nebulization mentioned in this document does not 
guarantee drops of a uniform size. As a result the number of bacteria per drop may vary, but 
this did not matter as only one species of bacteria was used. Moreover, the nebulization 
method of this document requires that a large sample volume is available, even if distributed 
over small drops.

Background

[0002] It is known to use mass- spectroscopy for the identification of biological material such 
as micro-organisms (e.g. bacteria, virusses), cells, peptides etc.

[0003] MALDI-MS (Matrix Assisted Laser Desorption-Ionization-Mass Spectroscopy), for 
example, involves laser ionization of sample material containing micro-organisms and mass 
spectroscopic analysis of the ionized particles. In MALDI-MS the micro-organisms are 
prepared for ionization by providing a mixture of micro-organisms and matrix material on a 
target plate. While the mixture dries, the matrix material attaches to the micro-organisms, 
which enables soft ionization with relatively low energy that preserves large molecular 
fragments for the analysis constituents of the micro-organisms. Laser shots are fired at 
selected target locations on the target plate in order to ionize material from these target 
locations. For each target location a mass spectroscopic analysis of the resulting is performed.

[0004] MALDI-MS has been found to be very suitable for laboratory analysis, but several 
problems remain. For samples with an inhomogeneous mix of micro-organisms there is a 
serious risk that a single laser shot ionizes material from a mix of micro-organisms of different 
species, which complicates the identification of individual species. Even if an isolated single 
microorganisms could be found on the target plate, it would not be possible to detect it in the 
noise of all material ionized by a laser shot. In MALDI-MS these problems are overcome by 
using an initial breeding step when the original sample, taken for example from patient in vivo, 
contains an inhomogeneous mix of micro-organisms. Breeding may be used to ensure that a 
substantial number of micro-organisms of mainly one strain are produced within a single laser
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shot. However, breeding may take over a day. As a result, practical MAL DI-MS is not suitable if 
a short turn around time is needed between taking an in vivo sample and providing an analysis 
result. This limits its applicability.

[0005] For example, in an example before transferring an incoming patient to an environment 
where the MRSA bacteria could do harm, it would be desirable to obtain a sample from the 
patient, and identify MRSA bacteria among the many micro-organisms present in the sample. 
To be of practical use, a result of such a measurement should preferably be available within a 
few hours at most. The need to breed micro-organisms prevents practical use of conventional 
MALDI-MS for this purpose.

[0006] From WO02052246 an apparatus for detecting and identifying bioaerosol particles in 
the air is known. This apparatus collects air containing bioaerosol particles, and feeds the air 
with the particles through a nozzle into an analysis chamber. In the analysis chamber particles 
with microorganisms are detected and the detected particles are ionized. The apparatus 
requires a relatively large number of particles, because many particles are lost in the transition 
from air pressure to the high vacuum used from mass spectroscopy. The efficiency of 
examined particles to captured particles may be as low as one percent.

[0007] From US patent application 2005/0230615 a MALDI-IM (Ion Mobility) measurement 
technique is known wherein drops are formed with a Vibrating Orifice Aerosol Generator. 
Nothing is disclosed about micro- organisms in the drops. If the drops would contain micro­
organisms, use of MALDI-IM would make it difficult if not impossible to identify these 
microorganisms.

[0008] The use of Flow Field- Flow Fractionation (FFFF) in the preparation of a target plate for 
MALDI-MS is known from an article by Hookeun Lee et al, titled "Analysis of Whole Bacterial 
Cells by Flow- Field Flow Fractionation and Matrix-Assisted Laser Desorption/lonization Time- 
of- Flight Mass Spectroscopy" and published in Anal. Chem. 2003, 75, 2746-2752. This 
document shows that FFFF can be used to separate intact bacterial cells to increase cell 
density for MALDI-MS, when a target plate is used.

Summary

[0009] Among others it is an object of the invention to provide for a method and apparatus for 
identifying biological material that can provide results quickly based on a liquid sample with a 
mix of different types of microorganisms, such as bacteria, fungi and viruses.

[0010] A method of identifying biological material that comprises microorganisms in a sample 
in accordance with claim 1 is provided.

[0011] Herein flying drops of liquid are formed, by separating a stream of liquid comprising 
biological material from a sample and MALDI matrix material, for example a crystal forming
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matrix material, into successive parts of the stream. An active drop former may be used for 
example, with a piezoelectric element. Ionization and mass spectroscopy is performed on the 
drops while in flight. In this way the need for a target plate and its disadvantages can be 
eliminated, while a high efficiency is realized. The drops may dry in flight so that the dried 
drops are dried particles when they are ionized. As used herein, the term "drop" includes the 
dried particles formed by drying the drops. Preferably, mass spectra are measured each for 
the material from a respective one of the drops. The sample or the liquid is diluted to a dilution 
level corresponding to a concentration in which the density C of micro-organisms satisfies

C*V<1, where V is a volume of said parts of the liquid. Thus less than one microorganism or 
cell will occur on average in a drop volume in an individual drop. Thus, it may be ensured that 
a considerable number of measurements of drops with a single micro-organism or cell per 
drop can be obtained. As a result, mass spectra for individual micro-organisms and/or cells can 
be obtained.

[0012] In an embodiment the dilution level may be adapted to the concentration of cells and/or 
micro-organisms in the sample. A density detector may be used to measure the concentration, 
for example by counting detected micro-organisms, and the measured concentration may be 
used to control dilution. The density detector may comprise a (flow) cytometer located to detect 
the density in the stream, for example by counting micro-organisms in the stream, or in a 
precursor stream that flows into the stream when the MALDI matrix is added to the precursor 
stream. In an embodiment, the stream flows to the drop former without any substantial axial 
rearrangement after the point where the stream with sample and matrix material is generated. 
That is, that parts into which the liquid is separated correspond to successive sections of the 
stream already once the matrix material has been added, or at least after dilution. In this way 
the probability of drops with multiple micro-organisms is reduced. This is improved by 
measuring the density in this stream with a cytometer and controlling the dilution based on this 
measurement. In an embodiment the dilution may be performed by mixing carrier liquid into 
the stream downstream from the generation of the stream. This also reduces the probability of 
drops with multiple micro-organisms.

[0013] A method of monitoring for outbreaks of an infection with a predetermined micro­
organism in a hospital in accordance with claim 13 is provided.

[0014] Furthermore an apparatus for identifying biological material in a sample in accordance 
with claim 14 is provided.

[0015] The liquid portion separator may be a drop former, comprising a piezo-electric 
resonator for example.

[0016] In another embodiment the liquid portion separator of the apparatus comprises a gas 
stream supply outlet and a conduit for supplying a stream of the liquid into the outlet configured 
to form a gas dynamic nozzle.

[0017] In another embodiment the apparatus comprises a diluting unit configured to add
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diluent to the sample or the liquid to a dilution level corresponding to a concentration of less 
than one micro-organism on average in a drop volume of individual ones of the drops. 
Alternatively, a concentration may be used at which a majority of drops contains at most one 
micro-organism from the sample. In a further embodiment the dilution unit comprises a density 
detector configured to detect a density of the sample or the liquid with the sample and to 
control dilution to said level dependent on the detected density.

[0018] In an embodiment, the liquid portion separator may be configured to launch the drops 
directly into the vacuum space in which the ionization is performed.

[0019] In another embodiment the apparatus comprises a control unit configured to 
synchronize drop formation and pulse generation from the radiation source.

Brief description of the drawing

[0020] These and other objects and advantageous aspects will become apparent from a 
description of exemplary embodiments.

Figure 1
shows an apparatus for identifying micro-organisms 

Figure 2
shows an identification apparatus with fluorescent screening 

Figure 3
shows an identification apparatus with an ultrasonic separator 

Figure 4
shows an further identification apparatus

The embodiments of Figures 1-4 are examples useful for understanding the invention.

Figures 4a-c
show examples of liquid stream separators 

Figure 5-7
show embodiments of an identification apparatus Detail

ed description of exemplary embodiments

[0021] Figure 1 schematically shows an apparatus for identifying biological material. Although 
an application to identification of micro-organisms will be described in the context of this 
apparatus, it should be appreciated that the apparatus is only one embodiment of an 
apparatus that performs MALDI mass spectroscopy on flying droplets. It should be understood 
that other biological material may be used instead of micro-organisms, such as cells (e.g.
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blood cells, peptides etc.).

[0022] The apparatus comprises a sample receiver 10, conduits 11, a first mixing unit 12, a 
second mixing unit 14, a chamber 15, a piezo resonator 16, a control circuit 17, a pulse laser 
18 and a mass spectrometer 19. Piezo resonator 16 may be of a type used in inkjet printers to 
form drops of ink. Conduits 11 connect sample receiver 10, first mixing unit 12, second mixing 
unit 14 and piezo resonator 16 in series. Control circuit 17 is coupled to piezo resonator 16 and 
pulse laser 18.

[0023] Piezo resonator 16 is located in chamber 15. Conduit 11 from second mixing unit 14 
discharges into an opening through piezo resonator 16. Pulse laser 18 is directed at a flight 
path of droplets launched from this opening through chamber 15. Mass spectrometer 19 is 
attached to chamber 15 and located to receive ionized fragments that result from absorption of 
radiation from pulse laser 18 by droplets in the flight path.

[0024] In operation a stream of liquid, containing sample material from sample receiver 10, 
diluent from first mixing unit 12 and matrix material from second mixing unit 14, is separated 
into sections that each result in a small liquid drop launched in flight through chamber 15. 
During flight through chamber 15 the matrix material in a liquid drop crystallizes around a 
micro-organism while the drop dries in flight, resulting in a dried particle. Subsequently, a laser 
pulse is fired at the dried particle from pulse laser 18. This results in ionization of material from 
the dried particle. The ionized material is analyzed in mass spectrometer 19.

[0025] Drops with a diameter in a range of 1-100 micrometer may be used for example. 
Preferably, drops having substantially a same uniform size in this range are used, which may 
be realized by breaking up the stream of liquid at regular distances, for example by applying a 
periodic disturbance of appropriate frequency on a stream of constant average flow rate.

[0026] Because of the small size of the drops, only little time during flight is needed the drops 
are prepared for ionization. Because the preparation occurs in flight, micro-organisms with 
matrix material surrounding a micro-organism on all sides may be formed. No crystallization 
nuclei occur at the interface between drops and a target plate, as in the case of conventional 
MALDI-MS. Preferably, the combination of the dilution rate and drop size is selected so that 
most drops with a microorganism contain no more than one microorganism. For example, a 
dilution level corresponding to a concentration of at most one micro-organism on average in 
the volume of a drop may be used.

[0027] Because pulsed laser 18 is fired at one dried particle at a time, each measured mass 
spectrum of a particle from a drop with one micro-organism represents one micro-organism 
only. Moreover, the use of drops means that the size of the sample that is ionized is 
determined by the drop size and the amount of dissolved and dispersed material inside the 
drop. This should be contrasted with conventional MALDI-MS, wherein the size of the sample 
is determined by the size of the laser spot on the target plate, which may be much larger than 
the size of drops, so that more material is ionized that can lead to an increased "noise"-level in
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the mass spectrum. Also, a mix of different micro-organisms may be ionized.

[0028] An experiment was conducted to show that individual Staphylococcus Aureus with and 
without penicillin resistance could be distinguished. In this experiment aerosolization of liquid 
containing sample material, diluent and matrix material was used. Individual particles (vacuum 
dried droplets) were ionized with a pulsed laser and a mass spectrum of the ionized material 
was obtained. It was found that particles with Staphylococcus Aureus with penicillin resistance 
and particles with Staphylococcus Aureus without penicillin resistance could be distinguished 
based upon their mass spectra.

[0029] First mixing unit 12 serves as a dilution unit. It comprises a first mixer 120, a diluent 
reservoir 122 and a detector 124. Diluent reservoir 122 is coupled to first mixer 120 to supply 
diluent and first mixer 120 is configured to mix the diluent with sample material from sample 
receiver 10. Detector 124 may be an optical detector configured to detect light scattered from 
individual micro-organisms when the micro-organisms flow through a measurement beam, for 
example in a conduit through which liquid with the micro-organisms is circulated. From a count 
of micro-organisms that are detected on average per unit time interval, the density may be 
determined. In another embodiment an optical scattering intensity may be measured from 
liquid in first mixer 120 containing diluent and material from sample receiver 10.

[0030] Detectors of this type are known per se. A known type of cytometer, or flow cytometer 
may be used. As is known per se, a cytometer may be a device that detects local fluctuations 
of biological material density corresponding to difference between the spatial concentration of 
material in individual micro-organisms against the background of neighboring liquid. For 
example, temporal fluctuations may be detected at a location through which a flow of liquid with 
the micro-organisms occurs, or spatial fluctuations may be detected by scanning a detection 
location. On optical detection may be used for example, using a device that provides for the 
detection of fluorescence or other optical properties focused in a small region with a size less 
than a maximum liquid volume per micro-organism. One or more detectors may be used that 
detect fluorescence at wavelengths at which material such as NADH fluoresces that is 
characteristic of micro-organisms. Other optical properties, such as scattering, diffraction etc. 
may also be used.

[0031] Particle detector 124 is shown coupled to a control input of first mixer 120. The control 
mechanism is arranged to increase the amount of diluent added to the sample until the 
measured density has dropped to or below a predetermined density. A liquid circulation circuit 
may be used to circulate the diluted sample along a diluent injection point until the desired 
density has been achieved. In practice, a control computer (not shown) may be used to receive 
measurement data from density detector 124 and to generate mixer control signals based on 
this data.

[0032] In operation a liquid sample containing micro-organisms is provided in sample receiver 
10. A pump (not shown) pumps sample material to first mixing unit 12 through conduit 11. First 
mixer 120 adds diluent to the sample material. Water or ethanol may be used as diluent for
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example. Batch-wise processing may be used, wherein a batch of sample material is supplied 
to first mixing circuit 12, after which processing continues with that batch, without obtaining 
further material from sample receiver 10 until the batch has been processed and has left first 
mixing unit 12. A batch size in a range from 0.01 to 10 milli-liters may be used for example.

[0033] A feedback loop is used to increase the dilution rate until the density observed by 
density detector 124 has dropped to a predetermined level. Instead of feedback, a feed 
forward solution may be used, wherein the initial density is measured and the resulting level is 
used to control the amount of added diluent to the predetermined level. In an embodiment the 
predetermined level is selected so that a majority of the drops will contain one micro-organism 
or less. The level may be set so that on average of less than one micro-organism per drop is 
achieved, or an average between four and one quarter micro-organism per drop. It should be 
noted that an overall count of micro-organisms in the liquid suffices, unspecific for the type of 
microorganism. Thus a reasonable number of drops with only one micro-organism of any type 
can be ensured.

[0034] The actual level may be selected in combination with the size of the drops, which is 
controlled by the setting of parameters of droplet formation, using a relation between 
measurements from detector 124 and the concentration of micro-organisms. In one 
embodiment, this level may be set experimentally during a calibration step, based on 
observations of the fraction of drops in which material from micro-organisms is observed by 
mass-spectroscopy, by adjusting the level until the fraction of drops containing one micro­
organism is at a predetermined level of for example one tenth to half of the generated mass 
spectra. In one example a dilution up to a dilution ratio between one to five sample to diluent 
may be used.

[0035] It should be noted that the feedback in first mixing unit 14 serves to ensure that 
samples with different concentrations of micro-organisms do not result in large changes in 
efficiency, in terms of the number of useless droplets that contain no micro-organisms, or in a 
considerable number of droplets that contain more than one organism. If the concentration can 
be controlled beforehand, no feedback or density determination may be needed. Similarly, 
feedback or density determination may be omitted if it is known that the concentration is not so 
high that a risk of a considerable number of droplets with multiple organisms persists after a 
predetermined dilution, and a loss of efficiency is accepted. In this case a predetermined 
dilution rate may be used, or first mixing unit 12 may even be omitted.

[0036] Second mixing unit 14 comprises a second mixer 140 and a matrix material reservoir 
142. Matrix reservoir 142 is coupled to second mixer 140 to supply matrix material to second 
mixer 140 and second mixer 140 is configured to mix the matrix material with the diluted 
sample material from first mixing unit 12.

[0037] In operation, liquid is moved from first mixing unit 12 to second mixing unit 14. Although 
a conduit 11 has been shown for this purpose, it should be understood that a batch op liquid 
may be moved to second mixing unit 14 in any way. In another embodiment, second mixing
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unit 14 may be combined with first mixing unit 14. In second mixing unit 14 MALDI matrix 
material is added. MALDI matrix materials are known per se from the prior art. Matrix material 
may be used that is suitable to crystallize attached to micro-organisms and that has have an 
optical absorption band suitable for absorbing the laser pulses to ionize material from the 
micro-organisms. A wide range of suitable matrix materials is known. MALDI matrix materials 
that do not form crystals are also known. MALDI matrix material directed at specific types of 
organism or specific organic material may be used, but alternatively MALDI matrix material 
applicable to a wider range of organism and/or organic materials may be used. Second mixing 
unit 14 may be configured to add MALDI matrix material in an amount sufficient to provide a 
molar matrix to analyte ratio in the order of 100:1 to 10000:1.

[0038] The liquid obtained from second mixing unit 14 is pumped to an opening through piezo 
resonator 16 as a continuous stream of liquid via conduit 11. Although a conduit 11 directly 
connecting second mixing unit 14 to piezo resonator is shown, it should be understood that a 
batch of liquid may be transported from second mixing unit 14 to a position at an input of 
conduit 11 by any other means. An intermediate reservoir (not shown) may be used at the 
input of conduit 11. A liquid pump (not shown) may be used to pump a stream liquid through 
conduit 11 to piezo resonator 16, or a pump may be used to put pressure on the liquid in 
second mixing unit 14 or an intermediate reservoir to which the liquid has been moved in order 
to force the stream of liquid to piezo resonator 16 through conduit 11. Conduit 11 may be so 
short that effectively a direct connection from second mixing unit 14 or the intermediate 
reservoir to the opening through piezo resonator 16 is formed.

[0039] In an embodiment piezo resonator 16 comprises a frame, a membrane with an orifice 
with an opening of twenty micrometer at which the flow of liquid is directed and piezo-electric 
material coupled between the membrane and the frame. Preferably an opening of at least ten 
micrometer is used. The piezo-electric material is located to make the orifice move back and 
forth in the direction of the liquid flow. Electrodes are provided on the piezo-electric material to 
drive the motion.

[0040] In operation control circuit 17 applies a high frequency electric excitation to the 
electrodes. A frequency in a range of 1 kHz to 1MHz may be used for example. The high 
frequency electric voltage causes periodic movement of the opening in the direction of the 
liquid flow, which cause the liquid stream to break up into parts, resulting in droplets. A series 
of droplets is launched along a flight path through chamber 15. Preferably, a constant setting of 
the excitation frequency of piezo resonator 16 is used, so that drops of the same size are 
produced. Techniques to control drop size are known per se from inkjet printing technology.

[0041] Although an exemplary embodiment has been described wherein a piezo resonator 16 
is used to separate the stream of liquid into drops, it should be appreciated that other droplet 
forming techniques may be used.

[0042] In chamber 15 an atmosphere with a low pressure is maintained, for example in the 
range of a thousandth of a millibar to a few millibar. The atmosphere may consist of any gas.
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ln an example normal air is used. The length of the flight path from piezo resonator 16 to the 
point of ionization is preferably at least so along that the time needed to traverse the flight 
path, given the speed of the drops, is sufficient to put the matrix in place, e.g. by crystallization. 
In an embodiment one or more intermediate nozzle skimmers may be used along the flight 
path to reduce the gas pressure until a level suitable for mass-spectroscopy is reached. In an 

embodiment mass spectroscopy is performed at pressures near 10"6 millibar, or more

generally below 10'5 millibar. By using a low starting pressure at the stage where the drops are 
formed loss of drops before this pressure is reached can be kept low, which increases the 
efficiency of the apparatus. The fact that all drops are formed along the same flight path also 
increases efficiency. Preferably, drops are injected directly into the vacuum, but it may be 
desirable to add a stage at higher pressure to increase the stability of drop formation

[0043] With drops of a size of a few micrometer (e.g. in the range between one and ten 
micrometer) the drops dry sufficiently to realize matrix formation (e.g. crystallization) within 
milliseconds or even within microseconds. With a speed of 20 m/sec this does not impose 
severe constraints on the length of the flight path. Even higher speeds in a range of 100-300 
meters per second may be used.

[0044] A gas flow source (not shown) may be provided adjacent to piezo resonator 16 to 
create a gas jet along the flight path. Such a jet may help to reduce the chance that 
consecutive drops agglomerate.

[0045] Control circuit 17 controls pulse laser 18 to generate pulses in synchronism with 
oscillations of piezo resonator 16, with a relative phase so that pulses from pulse laser 18 will 
arrive in the flight path at the time points when droplets from piezo resonator 16 pass through 
the laser beam. This results in ionization of the particles from the droplets. Mass spectrometer 
19 analyses the mass spectrum of the emerging particles.

[0046] The synchronization of laser pulses with oscillations of piezo resonator 16 may be 
realized by synchronizing the laser pulses to the excitation signal of piezo resonator 16. 
Alternatively, a droplet detector (not shown) may be used to detect droplets along the flight 
path in chamber 15 and pulsed laser 18 may be triggered by signals from such a detector. This 
detector may also be configured to measure droplet speed, to predict a time of arrival of each 
droplet. Alternatively, a predetermined speed may be assumed, which can be determined 
experimentally.

[0047] Mass spectra may be collected in control circuit 17, or in a measurement computer, and 
compared to reference spectra or parts of reference spectra or lists of biomarkers for known 
micro-organisms to identify the type of the micro-organisms in the respective drops. In a simple 
screening embodiment, a comparison with a small number of reference spectra may suffice. A 
count of identified micro-organisms may be computed, to determine a concentration of the 
identified micro-organisms by comparing the count with an overall count of drops, or with a 
count of drops that contain a micro-organism or cell of a reference type. In a more exploratory 
embodiment, a comparison with a larger number of reference spectrograms may be performed
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to identify a range of types of micro-organisms or cell types in the sample.

[0048] Figure 2 shows an embodiment that uses prescreening of droplets. A further laser 20 
and a fluorescence detector 22 have been added. Further laser 20 has a wavelength selected 
to excite fluorescence of micro-organisms in the droplets. A wavelength of 266 nm may be 
used for example. Further laser 20 is directed at a part of the flight path 24 of droplets before 
they reach the point of ionization. A continuous wave laser may be used, or a pulsed laser 
synchronized to drop formation. Fluorescence detector 22 is similarly directed at the flight path 
24, to capture fluorescence from a flying drop after irradiation by further laser 20. 
Fluorescence detector 22 is coupled to control circuit 17, which is configured to cause pulsed 
laser to fire conditionally, only at drops wherein fluorescence indicative of the presence of a 
micro-organism has been detected. Furthermore, further laser 20 may be used to trigger firing, 
that is, to select the time point of firing. In another embodiment one or more lasers may be 
used to trigger firing using time points and/or speeds of drops detected with the one or more 
lasers. This may be done independent of whether a further laser 20 is used.

[0049] In a further embodiment fluorescence may be detected in conduit 11, before separation 
of the liquid into drops at piezo resonator 16. In this case, further laser and fluorescence 
detector are directed at conduit 11 and control circuit 17 may determine the drop in which the 
micro-organism will be isolated from the time of detection, the flow speed to piezo resonator 16 
and the excitation signal of piezo resonator 16. Detection of fluorescence in conduit 11 may 
help to prevent that matrix crystallization obstructs detection of fluorescence from the micro­
organisms.

[0050] Figure 3 shows an embodiment wherein the apparatus comprises an ultrasound source 
30 directed at sample receiver 10, or the conduit 11 between sample receiver 10 and first 
mixing unit 12 and configured to separate clusters of micro-organisms into individual micro­
organisms. In addition ultrasound source 30 may be used to separate micro-organisms from a 
sample carrier on which the micro-organisms have been collected, such as a cotton swab or a 
piece of filtration paper.

[0051] Techniques for ultrasound separation of clusters of micro-organisms are known per se. 
Separation of clusters may be used to reduce the number of droplets in which more than one 
micro-organism is present at a time. Although an example is shown wherein ultrasound source 
30 is directed at sample receiver 10, it should be appreciated that one or more ultrasound 
sources 30 may be directed at any position between sample receiver 10 and piezo resonator 
16, for separating clusters. Separation of clusters before first mixing unit 12 has the advantage 
that a more reliable density determination and more homogeneous dilution may be obtained.

[0052] Instead of separating clusters by means of ultrasound, other separation techniques 
may be used, such as vortexing, which is known per se and which involve the creation of 
vortexes in the liquid, e.g. by shaking the liquid. Without separation of the clusters a risk exists 
that some drops may contain a cluster of micro-organisms. In some cases this may not be a 
problem, for example when the clusters are homogeneous, or when there is no need to
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distinguish between different types of organism in a cluster.

[0053] Figure 4a schematically shows more detail of a separator with a piezo resonator 16. 
The conduit 11 ends at the opening through piezo resonator 16, which periodically constricts to 
launch drops. Although an embodiment has been described wherein a piezo resonator 16 is 
used to separate the stream of liquid into drops, it should be appreciated that other droplet 
forming techniques may be used. For example a gas dynamic nozzle may be used, which is 
known per se, wherein conduit 11 opens into a gas flow that acts to separate the stream of 
liquid into droplets when or after the stream is injected in the gas flow. Figure 4b shows an 
example of a configuration may be used wherein the end of conduit 11 exhausts in a larger 
conduit 50 wherein the gas flow is supplied. Thus drops may be formed after injecting the 
stream of liquid into a gaseous environment. Preferably the gas and liquid flow rates and the 
opening size are set so a narrow range of droplet sizes is obtained, as this increases efficiency 
and simplifies control needed to ensure that pulsed laser 18 fires at the time needed to hit a 
droplet.

[0054] In another embodiment a drop separation mechanism, similar to dripping from a tap 
may be used, wherein a stream of liquid is forced through a conduit to an opening of the 
conduit and drops are torn off into flight from the opening. Gravity, or a gas flow past the 
opening may be used to tear of drops from the opening. In this embodiment drop size may be 
controlled by means of selection of flow rate of the stream of liquid, diameter and/or shape of 
the opening and gas flow speed. In another embodiment, a gas inlet 54 into conduit 11 as 
shown in figure 4c may be used to inject gas bubbles at regularly spaced distances into the 
stream of liquid through conduit 11. A valve 56 in gas inlet 54 may be used to form the 
bubbles. The bubbles separate the stream into sections before the stream reaches the 
opening of conduit 11, so that each section will result in a respective drop when the stream is 
forced out of the opening of conduit 11.

[0055] As described, the apparatus provides for a process of identifying micro-organisms 
wherein a stream of liquid containing micro-organisms and matrix material. The liquid stream is 
broken up into droplets, preferably into monodisperse droplets. The droplets are supplied in 
flight along a flight path. These droplets are dried in the vacuum while in flight. The resulting 
dried particles are ionized to obtain a mass spectrogram. The particles are analyzed in flight. In 
the illustrated embodiment the liquid is diluted to a dilution level at which a majority of the drops 
with microorganism contain only one micro-organism.

[0056] Although a specific embodiment of an apparatus has been shown, it should be 
appreciated that this process may be performed with modified embodiments of the apparatus. 
For example, instead of using conduits 11, a transportable sample holder may be used, which 
may be transported to a diluent mixing unit, a matrix material mixing unit and a droplet forming 
station. Diluent mixing and matrix material mixing may be performed in a single mixing unit 40, 
as shown in figure 4, with a mixing stage 42 for mixing the sample both with diluent and matrix 
material, simultaneously or in different time intervals. Part of the transport may be performed in 
conduits and another part may be performed with a transport units. The sequence of dilution
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and addition of matrix material may be changed, or any mixing step may be split in a plurality 
of mixing steps.

[0057] Although applications to micro-organisms have been described by way of example, it 
should be appreciated the technique can be use to identify other types of biological material, 
such as cells, for example blood cells or specific types of such cells. The sample may contain a 
mix of various materials and a plurality of types of material may be identified from the sample, 
by combining results obtained from mass-spectrograms of different drops.

[0058] In a hospital admission screening application, a sample of biological material may be 
taken from a patient, for example from saliva, or from any mucous membrane or a blood 
sample or a urine sample or combinations thereof, and the sample may be processed as 
described. The resulting identifications of micro-organisms in drops from their mass 
spectrograms, or a count of drops that contain a micro-organism with a mass spectrogram that 
matches the reference mass spectrogram of a harmful micro-organism such as a 
Staphylococcus Aureus with a specific antibiotic resistance may be used to decide whether or 
not to accept the patient for normal treatment. Patients with harmful micro-organisms may be 
redirected for special treatment.

[0059] Similarly, outbreaks of infections with harmful micro-organisms may be monitored by 
taking samples from a plurality of patients and processing the samples as described. In an 
embodiment samples from different patients may be mixed, for example if identification of 
harmful micro-organisms in a group of people is needed, e.g. in a hospital ward, without need 
to single out individual patients.

[0060] In a diagnostic application, a sample of biological material may be taken from a patient, 
and the sample may be processed as described to detect infection with specific micro­
organisms.

[0061] Although an embodiment with a pulsed laser has been described, which avoids the 
need to supply sufficient power for ionization continuously, it should be appreciated that the 
separate nature of the drops may make it possible to use a continuous wave laser. Instead of a 
laser, other types of light source may be used to provide light for ionizing at least part of a 
drop. UV light or infrared light may be used for example. Instead of light, other means for 
ionizing may be considered such as ion bombardment or even ultrasound irradiation.

[0062] Figure 5 shows an identification apparatus comprising a sample reservoir 50, a first 
carrier liquid reservoir 520, a pump 522, a first mixing stage 524, a Flow Field-Flow fractionator 
54, a size detector 540, a three way valve 542, a matrix reservoir 550, a second mixing stage 
552, a second carrier liquid reservoir 560, a third mixing stage 562, a flow cytometer 57 and a 
drop former 58. Pump 522, first mixing stage 524, Flow Field-Flow fractionator 54, three way 
valve 542, second mixing stage 552, third mixing stage 562 and drop former 58 are coupled in 
series along a liquid flow channel. First carrier liquid reservoir 520 feeds into an input of pump 
522. Sample reservoir 50 feeds into an input of first mixing stage 524. Size detector 540 is
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coupled to a part of the liquid flow channel downstream from Flow Field-Flow fractionator 54 
and upstream of three way valve 542. Matrix reservoir 550 feeds into an input of second 
mixing stage 552. Second carrier liquid reservoir 560 feeds into an input of third mixing stage 
562. Flow cytometer 57 is coupled to a part of the liquid flow channel downstream from third 
mixing stage 562 and upstream of drop former 58.

[0063] Although not shown, the apparatus may contain buffers for storing variable amounts of 
liquids at one or more positions along the liquid flow channel, between three way valve 542 
and second mixing stage 552 for example. The buffers may be used to reduce variations in 
flow rate.

[0064] In operation, pump 522 pumps carrier liquid from first carrier liquid reservoir 520 
through the flow channel. Water may be used as carrier liquid for example, with an addition of 
ammonium acetate. First mixing stage 524 mixes a pulsed quantity of sample liquid into the 
stream of carrier liquid, during a pulse time interval. Flow Field-Flow fractionator 54 
fractionates the stream into temporally successive fractions according to particle size. Size 
detector 540 detector detects a size of the particles as a function of time and it controls three 
way valve 542 to pass the flow to second mixing stage 552 or a waste output, dependent on 
the detected size. Second mixing stage 552 mixes MALDI matrix material from matrix reservoir 
550 into the stream. Continuous mixing may be used. Third mixing stage 562 mixes additional 
carrier liquid into the stream. Flow cytometer 57 measures the density of micro-organisms in 
the stream. The mixing rate of third mixing stage 562 is controlled dependent on the measured 
density. Drop former 58 separates the stream into successive parts of the stream and launches 
drops, each formed from a respective part.

[0065] Preferably the flow channel is designed so that the stream flows from second mixing 
stage 552 to drop former 58 without any substantial axial rearrangement. That is, large 
reservoirs where the liquid can accumulated and mix are avoided in the flow-channel. As a 
result, that parts into which drop former 58 separates the liquid correspond to successive 
sections of the stream already after second mixing stage 552, or at least after third mixing 
stage 562. The dilution at third mixing stage 562 is performed by mixing carrier liquid into the 
flowing stream.

[0066] A feedback loop may be used to control third mixing stage 562, the feedback loop being 
designed to change the mixing rate upward or downward according to whether the measured 
density "C" is above or below a preset target value. A preset target value CO may be used that

satisfies C0*V=A, where V is the volume of a part into which drop former 58 separates the 
stream and A is a number below two, and more preferably below one; a value A=0.2 may be 
used for example. When the density drops so low that it remains below the preset target value 
even if no carrier liquid, or a predetermined minimum of carrier liquid is added, control of third 
mixing stage 562 may cease to be dependent of the density.

[0067] Instead of Flow Field-Flow fractionator 54 any other fractionating device may be used 
that fractionates the stream with a pulse of sample liquid into a stream with gradually changing
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particle size. This has the advantage that it reduces the amount of relatively small sized 
material from the sample that could obstruct identification of micro-organisms when present in 
the drops. Furthermore, it has the advantage that the rate of mixing in third mixing stage 562 
can be adapted in time to provide for micro-organism density differences between different 
fractions of micro-organisms. Thus drops with a single micro-organism can be more easily 
realized for each of the fractions. When fractions with widely different density are 
simultaneously present this may be difficult.

[0068] A conventional Flow Field-Flow fractionator 54 may be used. Such a column is 
described for example in the article by Hookeun Lee et al., cited in the preceding. Briefly, such 
an apparatus uses a thin ribbon like open channel through which a stream of carrier liquid with 
sample material flows. Different flow speeds arise as a function of position in the channel 
transverse to the flow direction. By means of an external field different transverse density 
distributions are realized for different fractions of particles. An external field such as an electric 
field, an imposed temperature gradient, gravity etc, may used. The density distribution arises 
from a balance between the effect of the field and diffusion that counteracts the density 
gradient. As a result different fractions will emerge at the output of the Flow Field-Flow 
fractionator 54 separated by time, leaving micro-organisms intact.

[0069] Size detector 540 serves to detect the size of the particles of the emerging fractions. 
Size detector 540 may be omitted when a tightly controlled Flow Field-Flow fractionation 
process is used. In this case three way valve 542 may be controlled by a timer for example, 
that defines time intervals for passing liquid towards second mixing stage 552 at 
predetermined delays after the pulses of sample material. Size detector 540 may be 
configured to measure light scattering as a measure of size, but other techniques such as 
conductivity measurements or detection of fluorescence may be used.

[0070] Flow cytometer 57 may comprise a fluorescence detector configured to detect temporal 
peaks in fluorescence in passing liquid that are due to micro-organisms. Fluorescence at a 
wavelength corresponding to NADH may be used for example. A count of such peaks per time 
unit may be used as a density signal to control third mixing stage 562. In an embodiment, 
detections of individual microorganisms from flow cytometer 57 may be used to enable laser 
firing of the pulse laser (not shown), firing at a drop being disabled when flow cytometer 57 
does not detect a micro-organism in the part of the liquid stream from which the drop will be 
formed. When the density of micro-organisms drops below a level at which third mixing stage 
562 mixes carrier liquid dependent on organism density, control of firing may be used to 
maintain efficient mass spectroscopy.

[0071] Figure 6 shows an apparatus with an additional three way valve 60 between flow 
cytometer 57 and drop former 58, with a control input coupled to flow cytometer 57. In 
operation detections of individual microorganisms are used to control additional three way 
valve 60, making it pass liquid to drop former 58 when a microorganism is detected and to a 
waste output otherwise. In this way the number of useless drops is minimized. When the 
density of micro-organisms drops below a level at which third mixing stage 562 mixes carrier
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liquid dependent on organism density, control of waste output may be used to maintain efficient 
mass spectroscopy. In an embodiment, "on demand" control of drop former 58 is used, to 
trigger drop forming when the liquid is not fed to the waste output. Figure 7 shows an 
apparatus wherein flow cytometer 57 is located upstream of third mixing stage 562. Thus a 
feed forward control is realized according to a predetermined relation between detected micro­
organism density and mixing rate. The following relation may be used
Fadd- Norg * Vdrop/A -Kin

Herein Facjd is the mixed in flow rate from second carrier liquid reservoir 560, Norg is the 

incoming density of detected microorganisms per unit time, VdrOp is the volume of the liquid 

part from which a drop is formed and A is a desired density, A preferably being less than one, 
for example A=0.2. In the feedback solutions of figures 5 and 6 this relation is realized by 
feedback. Density may be determined by counting detected micro-organisms or from the time 
distance between successive detections. In an embodiment, third mixing stage 562 of the 
embodiment of figure 7 may be controlled dependent on detection of individual 
microorganisms, the mixing rate being controlled dependent on the time distance between 
successive detections of organisms, increasing the amount of added carrier liquid when the 
time distance decreases.

[0072] The feed forward solution of figure 7 has the advantage that it makes it possible to 
provide for detection from smaller samples. The feed forward solution may be combined with 
use of additional three way valve 60 (not shown) or enabling of firing. In this case, the control 
may be statistical, preventing firing when only a low percentage of drops contains micro­
organisms. Although an embodiment has been shown wherein flow cytometer 57 is located 
between second and third mixing stage 552, 562. It should be appreciated that flow cytometer 
57 may also be located upstream of second mixing stage 562. In this case the density is 
measured before the addition of MALDI matrix material. When second mixing stage 562 is 
designed to add MALDI matrix material at a known rate, the density of micro-organisms in the 
stream before second mixing stage 562 can be translated into a density after this stage. For 
better control a flow cytometer 57 after second mixing stage 562 is preferred.

[0073] The density measurement from cytomer 57 of figure 7 may be used to control laser 
firing and/or an additional three way valve (not shown). The additional three way valve may be 
located at a similar position as three way valve 60 in figure 6, or between flow cytomer 57 and 
third mixing stage 552. In an embodiment size detector 54 may be replaced by a cytometer, 
which controls three way valve 542 to pass liquid to second mixing stage 552 upon detection of 
at least a threshold density of microorganisms. In this case this cytometer may also be used to 
control dilution by third mixing stage 562. But, although a single cytometer has been shown 
both multiple purposes, it should be appreciated that instead a plurality of cytometers may be 
used, each for implementing a respective one or groups of these purposes.

[0074] In an embodiment a flow cytometer upstream of drop former 58 may be used to control 
firing of pulse laser 18 even without measures to control dilution. This may be used for 
example when it is known that the density of micro-organisms will never be too high. In another 
embodiment a flow cytometer upstream of drop former 58 may be used to control a three way
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valve to supply liquid to drop former 58 selectively upon the detection of microorganisms or 
detection that a density of micro-organisms execeeds a threshold value. This may be done 
even without measures to control dilution. A combination of control of laser firing and a three 
way valve may be used.

[0075] Thus, an apparatus for identifying biological material in a sample may be provided, the 
apparatus comprising

• a stream generator configured to supply a continuous stream of a liquid wherein the 
sample and a crystal forming matrix material have been mixed;

• a liquid portion separator configured to separate the stream into successive parts of the 
stream and to supply drops formed from said parts in flight along a flight path;

• a radiation source directed at the flight path and configured to supply radiation for 
ionizing material from the drops;

• a mass spectrometer configured to obtain mass spectrograms of the ionized material 
from individual ones of the drops; and

• a cytometer located between stream generator and the liquid portion separator and 
configured to detect micro-organisms in the stream, the cytometer being coupled to the 
radiation source and/or to a flow path selector enabling the radiation source and/or 
controlling selection between directing the stream to the liquid portion separator or 
elsewhere dependent on detection of microorganisms. In this way the apparatus can be 
made to process small samples of microorganisms with higher efficiency.

[0076] Although use of three way valves has been described to realize a flow path selector, to 
switch between passing liquid for further processing and wasting the liquid, it should be 
appreciated that other types of valve may be used for this, such as manifolds.

[0077] A plurality of branches with Flow Field-Flow fractionators 54 may be used in parallel to 
handle different samples. Each branch may contain the components corresponding to those up 
to and including three way value 542 for example. A liquid manifold may be used to connect 
these branches to the input of second mixing stage 552 successively. Thus efficient use can be 
made of the apparatus, even if Flow Field-Flow fractionation takes a lot of time.

[0078] A method of identifying biological material in a sample is provided, the method 
comprising preparing a liquid comprising the sample and a MALDI matrix material; generating 
a continuous stream of the liquid; separating the stream into successive parts to form flying 
drops; ionizing material from the drops while in flight; and measuring mass spectra from the 
ionized material.

[0079] The biological material comprises micro-organisms. The method may comprise diluting 
the sample or the liquid to a dilution level corresponding to a concentration of less than one 
micro-organism on average in a volume of individual ones of the parts. The dilution level may 
be measured and the dilution may be controlled to proceed until the liquid has been diluted to
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said concentration. A cluster separation step may be applied to the sample or the liquid to 
separate clusters of micro-organisms into individual micro-organisms before the separating 
step.

[0080] The liquid may be separated into parts of substantially equal volume, for example by 
separating the successive parts at regular intervals in said stream. The successive parts of 
liquid may be launched into flight during or after separating them from the stream. Alternatively, 
the stream may be launched into flight and the stream may be separated into the successive 
parts while in the stream is in flight. The drops may be dried in flight, at least to a drying level 
where crystals of the matrix material are formed in flight, prior to the ionizing step. A gas jet 
may be applied along at least part of a trajectory of the drops in flight. The drops may be 
screened based on fluorescence before said ionizing, and ionizing only drops with parts of the 
liquid that has been detected to produce at least a predetermined fluorescence intensity.

[0081] An apparatus is provided for identifying biological material in a sample, the apparatus 
comprising a mixer configured to prepare a liquid wherein the sample and a crystal forming 
matrix material are mixed; a stream generator configured to supply a continuous stream of the 
liquid; a liquid portion separator configured to separate the stream into parts and to supply 
drops formed from said parts in flight along a flight path; a radiation source directed at the flight 
path and configured to supply radiation for ionizing material from the drops; and a mass 
spectrometer configured to obtain mass spectrograms of the ionized material from individual 
ones of the drops.
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Patentkrav

1. Fremgangsmåde til identifikation af biologisk materiale der omfatter mikroor­

ganismer i en prøve, hvilken fremgangsmåde omfatter:

- at fremstille en væske der omfatter prøven;

- at generere en kontinuerlig strøm af væsken;

- at opdele strømmen i successive dele af strømmen for at danne flyven­

de dråber (52);

- at ionisere materiale fra dråberne (52) under flyvning;

- at måle massespektre fra det ioniserede materiale;

kendetegnet ved
- at blande et MALDI-matrixmateriale i den kontinuerlige strøm;

- at fortynde væsken til et fortyndingsniveau der afhænger af en målt 

koncentration af mikroorganismerne, til et fortyndingsniveau der svarer til 

en koncentration C af mikroorganismer, som tilfredsstiller C*V < 1, hvor V 

er et volumen pr. separat del, hvilken fortynding udføres ved at blande 

bærevæske ind i den kontinuerlige strøm.

2. Fremgangsmåden ifølge krav 1 der omfatter at måle koncentrationen af mi­

kroorganismerne i strømmen med et cytometer (57) og at styre fortyndingen af­

hængigt af et udgangsresultat af cytometeret.

3. Fremgangsmåden ifølge krav 2, hvor måling med cytometeret (57) i strøm­

men udføres opstrøms for fortyndingen af strømmen.

4. Fremgangsmåde ifølge et hvilket som helst af de foregående krav der omfat­

ter at sammenligne den målte koncentration med en tærskelværdi og at deakti- 

vere ioniseringen, når koncentrationen er under tærskelværdien.

5. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor kon­

centrationen måles med et cytometer (57) nedstrøms for fortyndingen og op­

strøms for separering af strømmen i dele, hvilken fremgangsmåde omfatter at
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udvælge enkelte af delene til ioniseringen afhængigt af detektionen af mikroor­

ganismer ved hjælp af cytometeret (57).

6. Fremgangsmåde ifølge et hvilket som helst af de foregående krav der omfat­

ter fraktionering af væsken til en strøm, der successivt omfatter partikler af for­

skellig størrelse.

7. Fremgangsmåden ifølge krav 6, hvor fraktioneringen omfatter anvendelse af 

strømningsfelt-strømfraktionering.

8. Fremgangsmåde ifølge et hvilket som helst af de foregående krav der omfat­

ter at separere væsken i dele med i det væsentlige ens volumen.

9. Fremgangsmåde ifølge et hvilket som helst af de foregående krav der omfat­

ter anvendelse af et klyngeseparationstrin på prøven eller væsken til at adskille 

klynger af mikroorganismer i individuelle mikroorganismer før separeringstrin­

net.

10. Fremgangsmåde ifølge et hvilket som helst af de foregående krav der om­

fatter at styre en strømningshastighed F af bærevæske, som fortynder væsken 

ifølge F = Norg * Vdrop/A - Fin, hvor Norg er den indkommende koncentration af 

detekterede mikroorganismer pr. tidsenhed, Vdrop er volumenet af den flyden­

de del, hvorfra en dråbe dannes, Fin er en indgående strømningshastighed for 

strømmen og A er en målkoncentration, der er mindre end en.

11. Fremgangsmåde til detektion af bakterier med resistens mod et antibioti­

kum, hvilken fremgangsmåde omfatter at identificere bakterierne fra et masse­

spektrum, der er opnået ved fremgangsmåden ifølge krav 1.

12. Fremgangsmåde til at bestemme, om en patient skal gives særlig behand­

ling på et hospital, hvilken fremgangsmåde omfatter:

- at tage en prøve af biologisk materiale fra patienten;

- at isolere patienten, når det påvises, at en forudbestemt mikroorganis-
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me er til stede i prøven, kendetegnet ved
- at opnå et massespektrum fra en prøve ved hjælp af fremgangsmåden 

ifølge krav 1;

- at isolere patienten, når massespektrogrammet matcher massespektret 

af den forudbestemte mikroorganisme.

13. Fremgangsmåde til overvågning af udbrud af en infektion med en forudbe­

stemt mikroorganisme på et hospital, hvilken fremgangsmåde omfatter:

- at udtage prøver af biologisk materiale fra mindst to patienter;

- at fremstille en væske eller væsker der omfatter prøven og/eller prøver­

ne fra de respektive patienter;

- for hver væske, at udføre følgende trin:

- at generere en kontinuerlig strøm af væske;

- at blande et MALDI-matrixmateriale i den kontinuerlige strøm;

- at fortynde væsken til et fortyndingsniveau der er afhængigt af en målt 

koncentration af mikroorganismerne, til et fortyndingsniveau som svarer 

til en koncentration C af mikroorganismer, der tilfredsstiller C * V < 1, 

hvorV er et volumen pr. separat del, hvor fortyndingen udføres ved at 

blande bærevæske ind i den kontinuerlige strøm;

- at opdele strømmen i successive dele for at danne flyvende dråber;

- at ionisere materiale fra dråberne, mens dråberne er i flugt;

- at måle massespektre for individuelle dråber;

- at generere en infektionsalarm, når massespektrene i mindst en del af 

dråberne matcher massespektret af en forudbestemt mikroorganisme.

14. Apparat til identifikation af biologisk materiale der omfatter mikroorganismer 

i en prøve, hvilket apparat omfatter:

- en strømningsgenerator (522) der er konfigureret til at levere en konti­

nuerlig strøm af en væske, som omfatter prøven;

- en første blandeenhed (552) der er konfigureret til at blande et MALDI 

matrixmateriale i den kontinuerlige strøm;

- en anden blandeenhed der er konfigureret til at blande bærevæske i 

den kontinuerlige strøm, hvilken anden blandeenhed omfatter en blander
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(562) og en detektor (57) til måling af en koncentration af mikroorganis­

mer, hvor et fortyndingsniveau af blanderen styres afhængigt af en målt 

koncentration af mikroorganismerne til et fortyndingsniveau der svarer til 

en koncentration C af mikroorganismer, som tilfredsstiller C * V < 1, hvor

5 V er et volumen pr. separeret del;

- en væskedelsseparator (58) der er konfigureret til at adskille strømmen 

i successive dele af strømmen og til at levere dråber (52), der er dannet 

fra delene under flyvning langs en flyvevej;

- en strålingskilde (18) der er rettet mod flyvevejen og konfigureret til at

10 levere stråling til at ionisere materiale fra dråberne (52);

- et massespektrometer (19) der er konfigureret til at opnå massespek­

trogrammer af det ioniserede materiale fra enkelte dråber (52).
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