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DESCRIPTION
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit to U.S. Provisional Application Nos. 61/556,390, filed 

November 7, 2011, and 61/624,499, filed April 16, 2012.

BACKGROUND OF THE INVENTION

[0002] The invention relates to the fields of cell growth and detection.

[0003] In many industries, particularly the food, beverage, healthcare, electronic, and 

pharmaceutical industries, it is essential to rapidly analyze samples for the degree of 

contamination by microorganisms, such as bacteria, yeasts, or molds.

[0004] One microbial culture technique, called microbial enumeration or colony counting, 

quantifies the number of microbial cells in a sample. The microbial enumeration method, which 

is based on in situ microbial replication, generally yields one visually detectable "colony" for 

each culturable microbial cell or clump of cells in the sample, referred to as a colony forming 

unit or CFU. Thus, counting the visible colonies allows microbiologists to determine the number 

of microbial CFUs in a sample accurately. To perform microbial enumeration, bacterial cells 

can be dispersed on the surface of nutrient agar in Petri dishes ("agar plates") and incubated 

under conditions that permit in situ bacterial replication. Microbial enumeration is simple, ultra

sensitive, inexpensive, and quantitative but is also typically slow. The long time required results 

in increased costs in healthcare and in manufacturing.

[0005] In regard to prior art documents, US 2007/212747 A1 discloses devices for culturing 

cells and methods of using these devices. One device is a cassette, which has, for example, 

been enhanced with features for controlling surface flatness, optical imaging, controlled 

dehydration of semi solid nutrient media, controlled air and particle exchange, and automated 

handling. As further prior art document, US 5,843,766 A1 discloses a tissue culture chamber 

including a casing comprising a substrate within the casing designed to facilitate three- 

dimensional tissue growth on the surface ofthe substrate. The casing includes an inlet and an 

outlet port which assist the inflow and outflow of media as well as at least one flow distributor. 

Finally, US 6 287 849 B1 discloses a device that includes a filter and dehydrated media, 

wherein a sample can be filtered inside the device, at which point the dehydrated medium is 

reconstituted and contacted with the filter for growth of microorganisms, with an inlet being 

located in the middle ofthe lid.

[0006] There is a need for additional culturing devices and methods for microbial enumeration.
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SUMMARY OF THE INVENTION

[0007] The invention provides a method for a fully contained closed loop sterility test according 

to claim 1, using a cell-capturing and cell-culturing device, the method including the steps of 

filtration of a sample through a membrane of the device, addition of nutrient media to support 

cell growth, and imaging of the device, without exposing the sample or other internal 

component to possible outside contaminants. Further, the invention provides a use of a cell

capturing and cell-culturing device in a fully contained closed loop sterility test according to 

claim 6, the device comprising a housing that contains a lid having an optically clear window 

(the lid may or may not be removable); a fluid distribution channel, e.g., that is a single channel 

or connected to a plurality of channels; a sample injection port fluidically connected to the fluid 

distribution channel; a base comprising a porous media pad; a media injection port fluidically 

connected to the media pad, and optionally a membrane disposed on the media pad. The lid 

mates to the base to form a sterile seal; the fluid distribution channel is disposed over the 

media pad, which is viewable through the optical window; and sample fluid introduced into the 

fluid distribution channel is distributed evenly to the media pad, e.g., via a plurality of channels. 

Cells in the sample fluid can be retained on the membrane and viewable through the optical 

window. Alternatively, the media pad may have a porosity sufficient to act as a membrane. The 

volume between the lid and membrane may be pressurizable. The device can further include a 

drainage port. An oxygen scavenger sufficient to render the interior of the device anaerobic 

may also be included. The device can further include an actuator for the oxygen scavenger, 

e.g., that is activated by over rotation of the lid or a pull tab or push bar that is accessed 

through a membrane located on top of the cassette. The device may include a pressure-relief 

valve, an oxygen indicator, and/or a vent port for venting the interior of the cassette as liquids 

are introduced. The vent port may be self sealing, e.g., until connected to a tube set.

[0008] Further, a tube set is described, including a tube having a connector that has a needle 

and that mates to the sample injection port, media injection port, vent port, or drainage port. 

The connector may further include a septum through which the needle passes, and the 

connector may mate to the sample injection port, media injection port, vent port, or drainage 

port and seal the port with the septum when the needle and tube are removed. Kits may 

further include second and optional third tube sets having a connector that has a needle, 

wherein the connectors of the tube sets mate to one of the sample injection, media injection, 

vent, and drainage ports. The tubes for the first, second, and optional third tube sets may 

share a common inlet or outlet. The connector may include a clip that snaps into the cassette. 

The tube set may further include a plurality of separate tubes for at least two of sample 

introduction, media introduction, drainage, and venting. The connector may include needles for 

each tube. When one ofthe tubes is for venting, that tube may include a filter (e.g., to prevent 

release of bacteria or fluids) and/or a pressure relief valve.

[0009] Other features and advantages will be apparent from the following description and the 

claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figures 1Aand 1C are exploded views of cassettes. Figure 1B is a cross-section of a cassette. 

Figure 1D is a cross-section of a base of a cassette indicating the media injection port, 

drainage port, media pad, and media distribution channel. Figure 1E is a view of a cassette 

with the lid removed showing a tray for an oxygen scavenger. As shown in the inset, the base 

includes two stops. The first allows the lid to seal the cassette without actuating the oxygen 

scavenger. By over rotating the lid to the second stop, a projection on the lid pierces the seal 

on the oxygen scavenger. Figure 1F is a drawing of alternative lid embodiments.

Figures 2A is an exploded view of one embodiment of a cassette. Figure 2B is a cross-section 

of a cassette. Figure 2C is a drawing of cassettes for aerobic and anaerobic use.

Figure 3A is an exploded view of one embodiment of a cassette. Figure 3B is a cross-section 

of an aerobic cassette. Figure 3C is a cross-section of an anaerobic cassette. Figure 3D is a 

drawing of cassettes for aerobic and anaerobic use.

Figure 4A is an exploded view of one embodiment of a cassette. Figure 4B is a cross-section 

of an anaerobic cassette.

Figures 5A-5B are top views of cassettes including a fluid distribution channel having a helical 

raceway with two spirals.

Figure 5C is a top view of a cassette including an outer raceway and an inner raceway with a 

plurality of channels.

Figure 5D is a top view of a cassette including an outer raceway and an inner raceway with a 

single channel.

Figure 6A is a drawing of a fluid distribution channel having a plurality of channels with a cover 

in place. Figure 6B is a drawing ofthe fluid distribution channel with the cover removed. Figure 

6C is a drawing of the cover.

Figure 7A is a drawing of a fluid distribution channel having a single channel with a cover in 

place. Figure 7B is a drawing of the fluid distribution channel with the cover removed. Figure 

7C is a drawing ofthe cover.

Figure 8 is a drawing of a cassette base.

Figure 9A is a schematic depiction of a tube set. The tube set has three connectors that mate 

to cassettes and a safety sheathed needle for use in sample or media delivery or waste 

removal. Figure 9B is a schematic depiction of a tube set, the septum of which is retained in 

the cassette after use. In this example, the connector includes a groove that snaps onto a 

corresponding feature surrounding a port on the cassette.
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Figure 10A is a schematic depiction of a tube set. The tube set has three connectors, e.g., 

branches that terminate into keyed needle clips that mate to cassettes and a safety sheathed 

needle (not shown) for use in sample or media delivery or waste removal. There are two fluid 

lines per cassette. Figure 10B is a schematic depiction of a tube set installed in the cassettes. 

The keyed needle clip dictates that the tube set can only be inserted in a predefined 

orientation.

Figure 11A is a schematic depiction of a tube set. The tube set has three connectors, e.g., 

branches that terminate into keyed needle clips that mate to cassettes and a safety sheathed 

needle (not shown) for use in sample or media delivery or waste removal. There are three fluid 

lines per cassette. The vent lines are shown are joining to a common valve and filter, although 

the tube set could employ a separate vent line for each cassette. Figure 11B is a schematic 

depiction of a tube set installed in the cassettes. The keyed needle clip dictates that the tube 

set can only be inserted in a predefined orientation.

Figure 12 illustrates one possible variation of a packaged test kit, with the breathable, access 

panel removed.

Figure 13 is a series of micrographs showing the growth of bacteria in a cassette.

[0011] The figures are not necessarily to scale.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The invention features a method for fully contained closed loop sterility test using a cell

capturing and cell-culturing device, i.e. devices for capturing and culturing cells (e.g., 

microorganisms or cells containing microorganisms) and the use of these devices. One 

example is a cassette containing nutrient media that may be employed in an automated rapid 

enumeration system such as the Growth Direct™ system (Rapid Micro Biosystems, Inc., 

Bedford, MA), e.g., as described in U.S. Publication No. 2003/0082516. The invention provides 

a fully contained, closed loop, sterility test that allows the end user to filter samples through a 

membrane (e.g., 0.45pm), add nutrient media to support growth, and image the cassette, e.g., 

on the Growth Direct™ system, without exposing the sample or other internal components to 

possible outside contamination. Cassettes may be used under aerobic or anaerobic conditions. 

Multiple cassettes may be packaged together in a kit, e.g., at least one cassette will be 

configured for aerobic and one configured for anaerobic testing. Also described is a tube set to 

allow for introduction of sample, the nutrient media, and/or drainage of excess fluid. The tube 

set may also allow even distribution ofthe sample across multiple cassettes.

Cassettes
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[0013] In general, a cassette will include a lid having an optically clear window; a fluid 

distribution channel; a sample injection port fluidically connected to the fluid distribution 

channel; a base that houses a porous media pad; and a media injection port fluidically 

connected to the media pad. The sample injection port is typically located on the side ofthe lid 

but can also be located on the top. In certain embodiments, the lid is made from an optically 

clear material. Alternatively, the optically clear window is housed within an optical frame.

[0014] In certain embodiments, the fluid distribution channel includes a plurality of channels. 

Various views of such a cassette are shown in Figures 1A-1F. The figures shows a lid having 

an optically clear window, base housing a media pad, sample injection port, media injection 

port, and the fluid distribution channel, including a stabilizing channel, and plurality of channels 

for distribution of sample to the media pad. A drainage port and a membrane, which may or 

may not be removable, are also shown. Typically, the lid mates to the base to form a sterile 

seal, which may or may not be airtight. The membrane is positioned on the media pad to be 

viewable through the optical window. Figure 1F shows lids made from an optically clear 

material or having the optically clear window housed within an optical frame. The sample 

injection port is located on the top ofthe lid but can also be located on the side.

[0015] Various views of an alternate cassette are shown in Figures 2A-2C. The figures show a 

lid having an optically clear window, base housing a media pad, sample injection port, media 

injection port, and the fluid distribution channel, including a stabilizing channel, and plurality of 

channels for distribution of sample to the media pad. A drainage port and a membrane, which 

may or may not be removable, are also shown. Typically, the lid mates to the base to form a 

sterile seal, which may or may not be airtight. The membrane is positioned on the media pad 

to be viewable through the optical window. Figure 2C show lids having the optically clear 

window housed within an optical frame. Alternatively, the lid is made from an optically clear 

material. The sample injection port is located on the side of the lid but can also be located on 

the top. This cassette features a pressure relief valve in the lid.

[0016] Various views of another cassette are shown in Figures 3A-3D. The figures show a lid 

having an optically clear window, base housing a media pad, sample injection port, media 

injection port, and the fluid distribution channel, including a stabilizing channel, and plurality of 

channels for distribution of sample to the media pad. A drainage port and a membrane, which 

may or may not be removable, are also shown. Typically, the lid mates to the base to form a 

sterile seal, which may or may not be airtight. The membrane is positioned on the media pad 

to be viewable through the optical window. Figures 3B and 3C show aerobic and anaerobic 

versions of this cassette. Figure 3D shows lids having the optically clear window housed within 

an optical frame. Alternatively, the lid is made from an optically clear material. The sample 

injection port is located on the side of the lid but can also be located on the top. The lid also 

includes a venting port (Figure 3D).

[0017] Cassettes may include a fluid distribution channel that delivers fluid to the media pad by 

a single channel. Such a cassette is shown in Figures 4A-4B. The figures show a lid having an 

optically clear window, base housing a media pad, sample injection port, media injection port, 



DK/EP 3327110 T3

and the fluid distribution channel, including a stabilizing channel for distribution of sample to the 

media pad. A drainage port and a membrane, which may or may not be removable, are also 

shown. Typically, the lid mates to the base to form a sterile seal, which may or may not be 

airtight. The membrane is positioned on the media pad to be viewable through the optical 

window. The sample injection port is located on the side of the lid but can also be located on 

the top. The lid also includes a venting port.

[0018] The fluid distribution channel may or may not include a helical raceway. The helical 

raceway is designed to calm excess turbulence and to distribute sample evenly to the media 

pad or a membrane positioned on top ofthe media pad, e.g., via the plurality of channels. As 

shown in Figures 5A-5C, the raceway typically includes two circuits around the device, 

although three or more may be employed. When present a raceway may provide fluid to the 

media pad via a single channel or plurality of channels (Figures 5A-5D). Figure 5D shows an 

alternate cassette which employs a single fluid distribution channel. As shown in Figure 5D, the 

cassette includes a sloped surface that circumferentially surrounds the media pad. Fluid flows 

around the sloped surface and onto the media pad. In cassettes with a plurality of channels 

leading to the media pad, the plurality of channels may also be formed on or in a sloped 

circumferential surface. The cassette may or may not include a component that covers the fluid 

distribution channel, with or without a helical raceway or plurality of channels, e.g., Figure 1A- 

4B. An exemplary cover for a plurality of channels is shown in Figures 6A-6C. Figure 6A shows 

a fluid distribution channel with a plurality of channels with the cover in place. Figure 6B shows 

the fluid distribution channel with a plurality of channels. Figure 6C shows the cover for a 

plurality of channels. An exemplary cover for a single fluid distribution channel is shown in 

Figures 7A-7C. Figure 7A shows a fluid distribution channel with a single channel with the 

cover in place. Figure 7B shows the single fluid distribution channel. Figure 7C shows the 

cover for the single channel. This cover includes a fluid manipulator that reduces the column 

height of the fluid distribution channel as it enters a sloped circumferential region. The fluid 

manipulator may also cause the fluid to fan out along the surface leading to the media pad. 

Cassettes may also include a splash guard position over the fluid distribution channel where 

the sample is delivered to the media pad. The splash guard may form port of a cover or be a 

separate component. The edges of the media pad and membrane, if present, are typically 

covered by the fluid distribution channel or cover or splash guard to prevent the edges from 

being imaged.

[0019] The media pad is designed to house medium for the growth or maintenance of cells. In 

certain embodiments, the media pad is sized to house media sufficient for cell growth for one 

week, two weeks, or longer. The medium is delivered to the pad via the media injection port. 

The media injection port is typically located on the side or bottom of the base. The cassette 

may also include a media distribution channel connected to the media injection port. The 

media distribution channel may have a plurality of outlets around the perimeter of the media 

pad to distribute media to the media pad evenly. An exemplary base with media pad is shown 

in Figure 8.

[0020] The medium is liquid when introduced into the cassette and may remain a liquid in the 
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pad or gel or otherwise solidify within the pad. Examples include LB broth or Sabouraud 

dextrose agar (SDA), R2A agar, tryptic soy agar (TSA), plate count agar (PCA), Schaedler's 

blood agar or similar media without the agar solidifying agent. A membrane may be placed on 

the media pad, e.g., between the fluid distribution channel and the pad. The membrane has 

pores capable of retaining cells of interest while passing fluids. Examples of pore sizes are 

0.45 μm and 0.22 μm. The membrane may be separable or integral to the media pad. 

Alternatively, the surface of the media pad may be fabricated or treated to produce the 

membrane.

[0021] The cassette may or may not include an oxygen scavenger to render it anaerobic (e.g., 

Figures 1E, 2A, and 3A). The oxygen scavenger is typically stored within the cassette in a 

sealed tray or compartment, the exact location of which inside the cassette is not critical. The 

seal can then be disrupted once sample and media have been delivered to the cassette. 

Various methods for disrupting the seal are known in the art. In one embodiment, the sealed 

compartment is located adjacent to a projection on the lid (or base). The lid can be over 

rotated to cause the projection to puncture the seal on the scavenger (Figure 1E). Actuation 

may also occur via a pull tab accessed through a membrane or septum located on the outside 

ofthe cassette (Figures 2Aand 3A). Exemplary oxygen scavengers include iron oxide, glucose 

oxidase, or similar agents. Cassettes may also include an indicator of the interior oxygen 

content, located in the interiorofthe cassette. Suitable indicators are known in the art.

[0022] The inlet and outlet ports of the cassette can be self sealing, e.g., rubber septa or other 

self-closing valve. As is discussed below, a cassette may be provided without the self-sealing 

portion installed prior to use. In addition to the sample injection port and media injection port, a 

cassette may include a drainage port, e.g., located on the bottom or side of the base. The 

cassette may or may not include a pressure relief valve to control the maximum pressure 

inside the cassette. The volume between the lid and membrane may also be pressurizable, 

e.g., to prevent excess media from pooling on top ofthe pad or leaking through a membrane. 

The base may also include channels or other areas to allow for release of pressure during the 

introduction of media to the pad.

[0023] A cassette can be capable of being stacked in a carrier, e.g., designed to transfer and 

introduce a group of cassettes to an automated imaging instrument. Such automated handling 

of a cassette may include transport, interfacing between the cassette and carrier, positioning 

for automated handling, and capability for robotic transfer. The cassette may also be designed 

to allow for reproducible mechanical positioning, i.e., repeatedly being able to return the same 

cassette to same location for automated imaging.

[0024] A cassette may also include design features that facilitate alignment of multiple images. 

Imaging fiducial marks include a through-hole aperture over fluorescent plastic or media. 

Imaging fiducial marks also include printed or embossed fluorescent material on cassette. 

Other fiducial marks are known in the art.

[0025] Materials for manufacture of the various components of a cassette are known in the art. 
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Such materials include plastics, polymers, metals, glass, and ceramics. In various 

embodiments, the cassette facilitates automated imaging of autofluorescent microbial 

microcolonies containing fewer than 500 cells, for example, by employing materials with 

fluorescence properties commensurate with such detection. An exemplary material is black K- 

Resin® (styrenebutadiene-copolymer; Chevron Phillips). The cassette may also employ a 

transparent lid that has fluorescence properties commensurate with detection of 

autofluorescent microbial microcolonies. An exemplary material for the lid is Zeonor® 1060R 

(polycycloolefin resin; Zeon Chemicals LP). Glass may also be employed. A porous membrane 

may also be employed that has fluorescence properties commensurate with detection of 

autofluorescent microbial microcolonies. Membranes may be manufactured from materials 

including cellulose, cellulose acetate, polystyrene, polyethylene, polycarbonate, polyethylene 

terephthalate, polyolefin, ethylene vinyl acetate, polypropylene, polysulfone, 

polytetrafluoroethylene, nylon, and silicone copolymer. The choice of membrane depends, in 

part, on the type of cell to be cultured (e.g., microorganisms that grow attached to a surface 

(anchorage-dependent), microorganisms that grow in suspension (anchorage-independent), or 

microorganisms that grow as attached to a surface or in suspension), degree of permeability, 

and rate of transfer of fluids and gases. An exemplary membrane is a black mixed cellulose 

ester membrane (Sartorius AG). Portions ofthe cassette that will not be imaged may be made 

of any suitable material, e.g., acrylonitrile-butadiene-styrene or styrene-acrylonitrile. An 

exemplary media pad is formed from sintered polyethylene (Porex Corp) that can deliver a 

predefined pore size and volume.

Tube Set

[0026] Also described are tube sets that allow for sterile connections to be made to the 

cassettes. A tube set includes at least one connector that mates with an inlet or outlet port of a 

cassette. The other end of the tube made be open, e.g., for drainage or slipping onto a nozzle 

or other fluid source or sink. Alternatively, the other end may contain a connector, e.g., a Luer 

lock, needle, or similar fitting. Tube sets may be designed to deliver fluid from one source to 

multiple cassettes or inlets or to remove fluid from multiple cassettes or outlets. Each tube set 

may be actuated by a separate pump, e.g., a peristaltic pump, or multiple tube sets may be 

actuated by a single pump.

[0027] In one embodiment, the connector that mates with the cassette includes a needle 

surrounded by a shield, so that the tip of the needle is spaced back from the edge of the 

shield. The shield mates to a port on the cassette, and the needle provides fluidic connectivity 

for delivery or removal of fluids. In a specific embodiment shown in Figures 9A-9B, the 

connector includes a septum surrounding the needle. The connector is mated to the port on 

the cassette and locks into place. Once fluid delivery or removal is completed, the needle and 

tube can be removed leaving the septum in place, thereby sealing the cassette (Figure 9B).

[0028] In another embodiment shown in Figures 10A-10B, the connector includes two 

separate fluid lines, i.e., tubes, each with its own needle and configured to prevent improper 
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installation into the cassette. In this configuration, the connector snaps into place, providing the 

user with positive feedback that proper insertion has been achieved (Figure 10B). The number 

of fluid lines can be increased as required by the particular use. Figure 11A-11B show an 

example of a tube set that includes three fluid lines, one of which provides pressure relief. The 

pressure relief line may include a pressure relief valve and a filter as shown. Once fluid delivery 

or removal is completed, the needle and tube can be removed by gently squeezing the 

connector, while pulling it free ofthe cassette.

[0029] Further access to the cassette may be made by making additional connections with 

needles. The connector can mate with the cassette by any suitable mechanism, e.g., screw 

thread, Luer lock, friction fit, and snap on fitting. One or more tubing sets, e.g., one each for 

sample and media delivery and waste removal, may also be packaged with one or more 

cassettes in a kit.

[0030] The tubing in the tube set may be made from any suitable material, such as 

polyethylene, polytetrafluoroethylene, and Tygon® flexible tubing. The connectors and needles 

may be fabricated from metals, e.g., stainless steel, plastics, ceramics, or combinations 

thereof.

Methods of Use

[0031] The cassettes and tube sets may be used in the growth or maintenance of cells, 

including detection, enumeration, diagnosis, and therapeutic response. Exemplary fields of use 

include testing liquid, air, or surface samples for microbial bioburden; testing industrial 

samples, sterile pharmaceutical product samples, non-sterile pharmaceutical product samples 

for microbial bioburden; and testing samples for anaerobic microbial bioburden. Any culturable 

cell type, including bacteria, cyanobacteria, protozoa, fungi, mammalian cells, plant cells, or 

other eukaryotic cell, may be employed in conjunction with the cassette described herein. The 

cassettes can be used for aerobic and anaerobic testing. The cassettes may be packaged in 

sterile kits or be sterilized by the end user (Figure 12). The cassettes will typically be employed 

in a lab environment using either a laminar flow hood or isolation chamber.

[0032] In a typical experiment, the cassette is sterilized or provided pre-sterilized. Pre-rinse, 

sample media, and post rinse fluids are introduced through the sample injection port. Upon 

entry to the cassette, fluids will travel through the fluid distribution channel, which may include 

a helical stabilizing channel to calm excess turbulence, before passing across the face of the 

membrane. Introduction of these fluids across the face ofthe membrane, in a sealed chamber, 

may cause residual air, trapped in the cassette, to compress as the fluid column rises, resulting 

in a protective barrier to the underside ofthe optical window. Upon completion ofthe sampling 

and rinse steps, additional air may be pumped into the cassette to ensure that all fluids have 

been forced through the membrane and/or media pad. This may cause the chamber above the 

membrane to be pressurized.
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[0033] Nutrient media is then pumped into the media pad via the media injection port. The 

media is absorbed by the media pad and provides a food source for a specified period of time, 

e.g., at least 7 or 14 days. Use of a membrane, e.g., with a 0.45 μm pore size, combined with 

pressurization of the chamber between the lid and the membrane may be used to prevent 

excess nutrient media from passing through the membrane.

[0034] When a drainage port is present, excess sample or media fluid can be removed from 

the cassette via the drainage port. Alternatively, excess sample fluid can be removed via the 

media injection port. A preset volume of media may also be delivered via the media injection 

port with displaced gas inside the cassette being vented through the sample injection port, vent 

port, or a pressure relief valve. Other configurations are possible.

[0035] The cassettes can be able to process large volumes of fluids, e.g., 2 liters of sample 

and 2 liters of rinse solutions. The exact amount of fluid will depend on the sample.

[0036] The cassettes may be sterilized by any suitable method. Gas sterilization, e.g., by 

ethylene oxide, may be performed by pressurizing the cassette with the gas, retaining the gas 

for a predetermined amount of time, and evacuating the gas under high vacuum.

[0037] In one embodiment, upon completion ofthe filtration process and nutrient transfer, the 

cassette is placed into an incubator, e.g., within the Growth Direct™ system, at a predefined 

temperature and stored while awaiting imaging. At predefined intervals the cassette is 

automatically retrieved and sent through an imaging station where it is subjected to a high 

intensity excitation light of particular wavelengths. Any microbial growth present on the 

membrane will naturally fluoresce in response. An image of the fluorescence is captured by 

means of an optical filter and a CCD camera, and fluorescent objects are recorded. Over time, 

subsequent images are captured, and these fluorescent objects are measured and monitored 

to measure growth. Those meeting the growth criteria are counted as colonies. Other 

fluorescent objects are characterized as debris.

[0038] A cassette housed a 0.45 micron black, mixed cellulose ester filtration membrane, 

supported by a media pad made of sintered polyethylene beads. A sample containing mixed 

microorganisms was pumped through Tygon® S-50-HL tubing, via a peristaltic pump, into the 

sample injection port ofthe cassette. During sample addition, the tubing on the media injection 

port was sealed, and the tubing on the drainage port was open. Fluid D (a peptone-Tween 80 

wash fluid) was pumped in following sample addition, followed by the addition of air to force all 

fluid through the membrane and to pressurize the upper chamber to about 10 psi. The sample 

injection port was then sealed with a clip, and the media injection port was opened. Liquid 

Schaedler's Blood media was added via the media injection port, and pumped into the media 

pad under the membrane, to replace the Fluid D rinse with growth media.

[0039] The tubing was then removed from all ports, and the ports were sealed with paratilm. 

The cassette was incubated at 32.5 °C. The cassette was manually placed in an imager at 

various time intervals (with incubation between images). About 600 Watts/cm2 of excitation 
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light at 460-500 nm was provided by blue LEDs modulated by optical band-pass filters. Band 

pass filters of 505-550 nm allowed the emission light to be captured by a CCD camera.

[0040] For the purposes of these experiments, the lid was removed before the cassettes were 

placed in the imager and replaced before continued incubation. The imager captured nine tiled 

images at each time point, and these images were stitched together to show the complete 

cassette. Alignment ofthe cassette was by eye and manual.

[0041] The time series in Figure 13 shows the fluorescent images of growing colonies of 

microorganisms in the cassette. While there are debris particles at the start, only the 

fluorescence of growing microorganisms increases over time. The growing fluorescent spots 

can be detected as growing colonies using software algorithms and can be identified when 

they are still small, in part due to the resolution ofthe non-magnified imaging system. The last 

panel in Figure 13 shows an image ofthe cassette at the end ofthe incubation period, taken in 

regular lighting with a digital camera. As can be seen by comparing the last two panels, there is 

a one-to-one correspondence between the fluorescent colonies and the colonies in the regular 

image.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 

form part of the European patent document. Even though great care has been taken in 

compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 

liability in this regard.

Patent documents cited in the description

• US61556390[00011

• US61624499B [0001]

• US2007212747A1 [00051

• US5843766A1 [00051

• US6287849B1 [00051

• US20030082516A [00121



DK/EP 3327110 T3

5

10

15

20

25

30

i

Patentkrav

1. Fremgangsmåde til en sterilitetstest med et fuldstændigt lukket kredsløb som 

anvender en celleindfangnings- og cellekultiveringsindretning, hvor 

fremgangsmåden inkluderer trinnene til

filtrering afen prøve gennem en membran i indretningen,

tilsætning af et næringsstofmedie for at understøtte cellevækst, og 

billeddannelse af indretningen, uden at eksponere prøven eller andre interne 

komponenter for mulige ydre forurenende stoffer.

2. Fremgangsmåde ifølge krav 1, hvor membranen er anbragt på en mediepude 

konfigureret til at kunne ses gennem et optisk klart vindue.

3. Fremgangsmåde ifølge krav 1 eller krav 2, hvor indretningen yderligere 

omfatter en indløbsåbning og en dræningsåbning, hvor en prøve indført gennem 

prøveindløbsåbningen flyder gennem membranen til dræningsåbningen.

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

indretningen yderligere omfatter en oxygenopfanger, som er tilstrækkelig til at 

gøre det indvendige af indretningen anaerob, fortrinsvis hvor indretningen 

yderligere omfatter en aktuator til oxygenopfangeren.

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

indretningen yderligere omfatter en oxygenindikator, en trykaflastningsventil, 

og/eller en ventileringsåbning til ventilering af det indvendige af indretningen, når 

der indføres væsker, fortrinsvis hvor ventileringsåbningen er selvtætnende.

6. Anvendelse afen celleindfangnings- og cellekultiveringsindretning der omfatter 

et hus som indeholder:

i) et låg med et optisk klart vindue;

ii) en fluidfordelingskanal;

iii) en prøveindsprøjtningsåbning, som er fluidmæssigt forbundet med 

fluidfordelingskanalen;

iv) en bund som omfatter en porøs mediepude;
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v) en medieindsprøjtningsåbning som er fluidmæssigt forbundet med 

mediepuden; og

vi) eventuelt en membran som er anbragt på mediepuden,

hvor

låget passer sammen med bunden for at danne en steril tætning; 

fluidfordelingskanalen er anbragt over mediepuden;

mediepuden eller eventuelt membranen kan ses gennem det optisk klare 

vindue; og

prøvefluidet, som indføres i fluidfordelingskanalen, fordeles ensartet til 

mediepuden,

i en sterilitetstest med fuldstændigt lukket kredsløb, hvor indretningen muliggør 

filtrering af en prøve gennem en membran og tilsætning af næringsstofmedie til at 

understøtte cellevækst, og hvor indretningen er indrettet til billeddannelse af 

indretningen, uden at eksponere prøven eller andre interne komponenter for 

mulige ydre forurenende stoffer.

7. Anvendelse ifølge krav 6, hvor indretningen yderligere omfatter en 

indløbsåbning og en dræningsåbning, hvor en prøve indført gennem 

prøveindløbsåbningen flyder gennem membranen til dræningsåbningen.

8. Anvendelse ifølge et hvilket som helst af krav 6 eller krav 7, hvor indretningen 

yderligere omfatter en oxygenopfanger, som er tilstrækkelig til at gøre det 

indvendige af indretningen anaerob, fortrinsvis hvor indretningen yderligere 

omfatter en aktuator til oxygenopfangeren.

9. Anvendelse ifølge et hvilket som helst af kravene 6 til 8, hvor indretningen 

yderligere omfatter en oxygenindikator, en trykaflastningsventil, og/eller en 

ventileringsåbning til ventilering af det indvendige af indretningen, når der 

indføres væsker, fortrinsvis hvor ventileringsåbningen er selvtætnende.
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