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HIGH THROUGHPUT BIOLOGICAL INDICATOR READER
TECHNICAL FIELD

The invention relates to techniques for determining the efficacy of a sterilization
cycle and, more particularly, techniques for reading fluorescence from a biological

sterilization indicator to determine the efficacy of a sterilization cycle.

BACKGROUND
Sterilization generally refers to the process of eliminating all bacteria and other
living organisms from the surfaces of instruments, medical devices, implants and other
articles used in sterile surgical procedures. A conventional thermal sterilization process
uses steam under pressure. Low-temperature chemical sterilization processes use ethylene
oxide, hydrogen peroxide, hydrogen peroxide/plasma, or peracetic acid in liquid or vapor
form as the sterilant, as well as gamma irradiation and electron beam sterilization.

In each sterilization cycle, the sterilizer is designed to kill all viable living
organisms within a sterilization chamber. To achieve this objective, health care personnel
must select the appropriate sterilization process, carefully monitor its parameters and
employ adequate preparation, packaging and sterilizer loading techniques.

To verify the efficacy of a sterilization cycle, health care facilities and surgical
equipment manufacturers typically use sterilization process monitors. A sterilization
process monitor is a device that indicates whether a sterilization cycle met the required
conditions necessary to achieve sterilization. Examples of sterilization process monitors
include: biological indicators, chemical indicators, chemical integrators, Bowie-Dick test
packs, and challenge packs.

A biological indicator, in particular, carries a biological agent, and indicates
successful sterilization when the biological agent has been killed. The biological indicator
is typically placed in a test package within a load containing articles to be sterilized. The
biological indicator indicates successful sterilization when the biological agent has been
killed. The biological agent carried by the biological indicator typically is a test organism
which is many timés more resistant to the sterilization process than most organisms which

would be present by natural contamination.
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After completion of the sterilization cycle, the biological indicator is incubated to
determine whether any of the test organisms survived the sterilization procedure. If
incubation produces growth in the biological indicator, the sterilization cycle was not
efficacious. Accordingly, detection of biological indicator growth serves as an indication
that devices subjected to the sterilization cycle may not be sterile, i.e., that the sterilization
process failed.

Examples of existing biological indicators are the 3M™ Attest™ Rapid Readout
Biological Indicators available from 3M Company of St. Paul, Minnesota. Different
versions of the Attest Rapid Readout Biological Indicators are designed to determine the
efficacy of steam and ethylene oxide sterilization processes. The Attest Rapid Readout
Biological Indicators include a flexible polypropylene vial with a spore strip containing
viable population of Bacillus stearothermophilus or Bacillus subtilis spores. The vial also
contains a growth medium which is a modified tryptic soy broth contained in a crushable
glass ampule. k

In the Attest Rapid Readout Biological Indicators, the presence of a spore-
associated enzyme indicates spore growth in the biological indicator. The presence of the
active enzyme produces a detectable fluorescence. If the sterilization cycle is not
efficacious, both the spore and the enzyme remain active, resulting in a fluorescent
product. Following an incubation period, a reader determines whether the vial produces
fluorescence, and thereby determines the efficacy of the sterilization cycle. Ordinarily, the
reader and incubator are integrated, such that the biological indicators must be incubated

before the reader can be activated to read the biological indicators.

SUMMARY
In general, the invention is directed to a high throughput reader for reading
biological indicators to detect fluorescence and thereby determine the efficacy of a
sterilization cycle. The reader permits a large number of biological indicators to be read in
rapid succession. For example, the biological indicators may be pre-incubated in a
separate, high capacity incubator and then placed in a high capacity reader for immediate
fluorescence detection. Notably, the reader makes a positive or negative growth

determination based on a single fluorescence threshold comparison for each pre-incubated
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biological indicator, rather than a series of measurements taken during the course of
incubation.

The single fluorescence threshold comparison involves comparison of measured
fluorescence to a threshold fluorescence. However, the threshold fluorescence is
combined with a baseline fluorescence measured from a reference biological indicator
placed in an applicable measurement well within the reader. The reader initially acquires
the baseline fluorescence from the reference biological indicator, and thereafter uses the
baseline fluorescence with the threshold fluorescence for subsequent biological indicators
processed by the reader for more accurate detection. In addition, the reader may generate
output for storage, processing and display of biological indicator results.

In one embodiment, the invention provides a method comprising obtaining
baseline fluorescence measurements for reference biological indicators placed within a
plurality of measurement wells, receiving pre-incubated biological indicators within the
measurement wells, obtaining a single fluorescence emission measurement for each of the
pre-incubated biological indicators, and comparing the single fluorescence emission
measurements obtained for each of the pre-incubated biological indicators to threshold
fluorescence values for the respective measurement well to detect biological growth in the
pre-incubated biological indicators, wherein the comparison takes into account the
baseline fluorescence measurements for the respective measurement wells.

In another embodiment, the invention provides a device comprising a fluorescence
emission reader to measurement fluorescence measurements for biological indicators
placed within a plurality of measurement wells, and a processor to control the fluorescence
emission reader to obtain baseline fluorescence measurements for each of a pluralit}; of
reference biological indicators placed within the measurement wells, and obtain a single
fluorescence emission measurement for each of a plurality of pre-incubated biological
indicators placed within the measurement wells, wherein the processor compares the
single fluorescence emission measurements obtained for each of the pre-incubated
biological indicators to the threshold fluorescence values for the respective measurement
well to detect biological growth in the pre-incubated biological indicators, wherein the
comparison takes into account the baseline fluorescence measurements for the respective

measurement wells.
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In a further embodiment, the invention provides a computer-readable medium
comprising instructions to cause a processor to obtain baseline fluorescence measurements
for reference biological indicators placed within a plurality of measurement wells, obtain a
single fluorescence emission measurement for each of a plurality of pre-incubated
biological indicators placed within the measurement wells, and compare the single
fluorescence emission measurements obtained for each of the pre-incubated biological
indicators to threshold fluorescence values for the respective measurement well to detect
biological growth in the pre-incubated biological indicators, wherein the comparison takes
into account the baseline fluorescence measurements for the respective measurement
wells.

In an added embodiment, the invention provides a method comprising obtaining a
single fluorescence measurement for each of a plurality of pre-incubated biological
indicators placed in measurement wells, and comparing the single fluorescence emission
measurements to threshold fluorescence values for the respective measurement wells in
which the pre-incubated biological indicators are placed, wherein the comparison takes
into account baseline fluorescence measurements obtained for reference biological
indicators placed in the respective measurement wells.

In a further embodiment, the invention provides a device comprising a
fluorescence emission reader to obtain fluorescence measurements for biological
indicators placed within a plurality of measurement wells, and a processor to control the
fluorescence reader to obtain a single fluorescence measurement for each of a plurality of
pre-incubated biological indicators placed in the measurement wells, wherein the
processor compares the single fluorescence emission measurements to threshold
fluorescence values for the respective measurement wells in which the pre-incubated
biological indicators are placed, wherein the comparison takes into account baseline
fluorescence measurements obtained for reference biological indicators placed in the
respective measurement wells.

The invention may provide a number of advantages. For example, the biological
indicator reader described herein promotes high capacity and high throughput. The reader
accommodates a plurality of pre-incubated biological indicators, and evaluates each of the

biological indicators using a single fluorescence measurement. The biological indicators
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are exposed to a sterilization cycle and then pre-incubated in a separate, high capacity
incubator prior to placement in the measurement wells associated with the reader.

The reader obtains initial baseline measurements for each measurement well using
a single set of reference biological indicators. The reader then uses the baseline
measurements to establish a detection threshold in combination with a threshold
fluorescence for each measurement well, and uses the detection threshold for rapid, single-
measurement evaluation of multiple sets of pre-incubated biological indicators. In this
manner, the reader promotes detection accuracy for each measurement well.

Pre-incubation of the biological indicators permits omission of incubators within
the reader, making the reader more compact and less complex, and conserving lab space.
In addition, pre-incubation in a separate incubator permits immediate evaluation of the
pre-incubated biological indicators by the reader. The ability to evaluate the pre-incubated
biological indicators with a single measurement increases throughput. As a further
advantage, the reader may be configured to provide output to a data logging software
application, enabling convenient storage and review of the results obtained by the reader.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and from

the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustra;ting a system for analysis of biological indicators.

FIG. 2 is a side perspective view of an exemplary biological indicator reader.

FIG. 3 is a top perspective view of an exemplary incubator.

FIG. 4 is a block diagram illustrating a biological indicator reader.

FIG. 5 is a flow diagram illustrating an exemplary method for reading biological
indicators.

FIG. 6 is a flow diagram further illustrating an exemplary method for reading
biological indicators.

FIG. 7 is a diagram of an exemplary user interface screen presenting results

produced by a biological indicator reader.
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FIG. 8 is a diagram of an exemplary data log containing results produced by a

biological indicator reader.

DETAILED DESCRIPTION

FIG. 1 is a block diagram illustrating a system 10 for analysis of biological
indicators. As shown in FIG. 1, system 10 may include a biological indicator reader 12, a
biological indicator incubator 14, a sterilizer 16 and a computer 18. Reader 12 processes
reference biological indicators 20 to obtain initial baseline fluorescence measurements for
subsequent evaluation of biological indicators 22 to detect proper sterilization. In general,
system 10 promotes high capacity and high throughput in the reading of biological
indicators 22 to detect fluorescence and thereby determine the efficacy of a sterilization
cycle.

System 10 may be used within a health care facility to monitor sterilization
efficacy for a large number of sterilization loads. Alternatively, system 10 may be
especially useful in evaluating sterilization efficacy for equipment, instruments, medical
devices, implants and other articles prior to commercial release of such articles from a
manufacturing site. Accordingly, system 10 may be useful within the industrial and
original equipment manufacturer (OEM) sterilization markets where large volumes are
involved.

As a further alternative, system 10 may be used for commercial release of
biological indicators 22 themselves. Specifically, samples from a manufactured lot of
biological indicators 22 may be analyzed using system 10 to verify proper operation or
manufacture of the biological indicators before they are commercially released, i.e., for
manufacturing release testing. Thus, system 10 may be particularly useful for health care
facilities, OEMs or sterilization service providers, as well as biological indicator
manufacturers. In each case, processing of large volumes of medical devices or biological
indicators is involved, making high throughput desirable.

In operation, biological indicator reader 12 obtains baseline fluorescence emission
measurements for reference biological indicators 20 placed within a plurality of
measurement wells in the reader. Sterilizer 16 exposes reference biological indicators 20
to a sterilization cycle before the reference biological indicators are placed in biological

indicator reader 12. Sterilizer 16 also exposes groups of biological indicators 22 to a
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sterilization cycle. Then, incubator 14 pre-incubates biological indicators 22 before they
are placed within measurement wells of reader 12.

Reader 12 obtains a single fluorescence emission measurement for each of the pre-
incubated biological indicators 22, and compares the single fluorescence emission
measurements obtained for each of the pre-incubated biological indicators to the sum of a
predetermined threshold fluorescence and the initial baseline fluorescence measurement
obtained for the respective measurement well using reference biological indicators 20.
Alternatively, the baseline fluorescence measurement can be subtracted from the single
fluorescence measurement, and the result compared to the predetermined threshold
fluorescence. In either case, the predetermined threshold fluorescence may be determined
as a function of the amount of fluorescence determined to be indicative of biological
growth within a biological indicator.

As will be described, the comparison enables reader 12 to detect biological growth

in pre-incubated biological indicators 22. In particular, if the single fluorescence emission
measurement obtained for a biological indicator 22 in a given measurement well exceeds
the sum of the threshold fluorescence and the baseline fluorescence measurement for that
well, reader 12 indicates detection of growth and hence failure of the sterilization cycle.

Reader 12 may communicate the indication and other information to computer 18
for presentation to a user or storage in a data log for later review. Computer 18 may take
the form of a personal computer, computer workstation, or other computing device.
Reader 12 may communicate with computer 18 via a serial interface, network interface, or
the like, to transfer reader information. Computer 18 provides a user interface, such as a
display device and user input media. In addition, computer 18 executes a software
application that drives collection, processing and presentation of information received
from reader 12. In particular, computer 18 presents information obtained from reader 12
on a display device and logs the information to a data log file.

FIG. 2 is a perspective view of one embodiment of a biological indicator reader 12.
As shown in FIG. 2, reader 12 includes a housing 24, which provides a plurality of
measurement wells 26. Each measurement well 26 includes an associated display on a
display panel 28. Display panel 28 may include “plus” and “minus” symbols that are
selectively backlit to indicate the pertinent result for the biological indicator in the

measurement well 26 aligned with the symbols. In addition, operator interaction with
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reader 12 may be accomplished with optional scroll buttons 30 and operator display 32.
FIG. 2 also shows a pre-incubated biological indicator 22 residing in one of measurement
wells 26. Reader 12 further includes a cover 34, which is pivotable generally along an arc
36 to alternately expose and cover measurement wells 26.

Measurement wells 26 may be arranged in groups or individually designated to
receive particular types of biological indicators. In this manner, reader 12 may
simultaneously process different types of biological indicators 22. To facilitate processing
of different types of biological indicators 22, reader 12 may be configured to maintain
different fluorescence thresholds for individual measurement wells 26. The fluorescence
thresholds may be stored in memory and associated with particular measurement wells 26,
and represent threshold values appropriate for the respective types of biological indicators
22 placed in the particular measurement wells 26.

In addition, reader 12 may store initial baseline fluorescence measurements for
each measurement well 26. Reader 12 obtains the baseline fluorescence measurements by
obtaining fluorescence measurements from reference biological indicators 20 placed
within measurement wells 26. Reference biological indicators 20 may be placed within
measurement wells 26, for example, upon periodic startup or initialization of reader 12.
Each reference biological indicator 20 placed in a respective measurement well 26 should
conform to the type of biological indicator 22 that will be subsequently evaluated in that
measurement well in the course of operation of reader 12.

In this manner, reader 12 obtains, for each measurement well 26, a predetermined
fluorescence threshold for the type of pre-incubated biological indicator 22 to be placed in
the well and an initial baseline fluorescence measurement from the same type of reference
biological indicator 20 placed in the well. The predetermined fluorescence threshold may
be determined empirically or experimentally and loaded into memory associated with
reader 12 at the factory or upon installation. Each reference biological indicator 20 is
subjected to a sterilization cycle by sterilizer 16 prior to placement within the appropriate
measurement well 26, but is not incubated. Consequently, each reference biological
indicator 20 serves as a negative control (kill cycle) biological indicator of the same type
that is desired to be read later for a sterilization cycle result.

Reader 12, in one embodiment, compares the fluorescence measurement obtained

from each pre-incubated biological indicator 22 to the sum of the predetermined
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fluorescence threshold and the initial baseline fluorescence measurement for the respective
measurement well 26. The summed value serves to fine-tune the predetermined
fluorescence value for each measurement well by, in effect, dfscounting the baseline
fluorescence value typically produced by a biological indicator that does not present
biological growth. Again, alternative approach involves subtraction of the baseline
fluorescence measurement from the fluorescence measurements obtained for pre-
incubated biological indicators 22. Because pre-incubated biological indicators 22 are
already incubated prior to placement within measurement wells 26, reader 12 is able to
detect growth, by measurement of fluorescent emission, in a single measurement and
comparison.

In some embodiments, biological indicators 20, 22 may be biological sterility
indicators commercially available from 3M Company of Saint Paul, Minn., under the
tradename 3M ATTEST, models 1291, 1292, 1292E, or 1294. In this case, each
biological indicator 20, 22 includes a cap, a vial, and various contents. Biological
indicators 20, 22 evidence the presence of a viable microorganism (such as spores) by the
production of fluorescence within the vial after incubation in incubator 14.

Fluorescence emission may be accomplished by using a non-fluorescent substrate
(such as 4-methylumbelliferyl-alpha-D-glucoside) in the vial and converting that non-
fluorescent substrate to a fluorescent product by spore-associated enzyme activity. The
spore-associated enzyme is preferably alpha-D-glucoside, which is one of the enzymes
involved in the growth of the spore within the vial.

In operation, the operator of reader 12 first retrieves a reference biologic;al
indicator 20, which has been subjected to a sterilization cycle by sterilizer 18. The
operator then crushes an ampule (not shown) in the reference biological indicator 20 and
places the reference biological indicator into an appropriate measurement well 26. The
operator can then direct reader 12 to read a desired measurement well 26, e.g., using scroll
buttons 30 and observing display 32, to obtain a baseline fluorescence measurement. The
operator then closes cover 34 and waits for reader 12 to obtain the baseline measurement
the reference biological indicators 20. Alternatively, reader 12 may automatically detect
the presence of a biological indicator 20, 22 in any given well and automatically read the

biological indicator after insertion.
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FIG. 3 is a front perspective view of an exemplary incubator 14. As shown in FIG.
3, incubator 14 includes a housing 36 defining an incubation bay 38 with multiple
incubation wells 39 to receive and heat biological indicators 22 for incubation. One of
more controls, such as a button 40, may be provided to control operation of incubator 14.
In addition, incubator 40 may include a display panel 40 to present incubation information
such as temperature or incubation time.

Incubator 14 supports simultaneous incubation of a large number of biological
indicators 22. In the example of FIG. 3, incubator 14 is designed to accommodate and
simultaneously incubate 120 biological indicators 22. Upon completion of the incubation
cycle, pre-incubated biological indicators 22 can be transported, several at a time, to
biological indicator reader 12 for fluorescence measurement and growth detection. As an
example, reader 12 and incubator 14 may be configured so that twelve biological
incubators can be transferred to the reader at one time. Hence, system 10 (FIG. 1)
facilitates high throughput incubation and simultaneous reading of numerous biological
indicators 22.

FIG. 4 is a block diagram illustrating biological indicator reader 12 in greater
detail. As shown in FIG. 4, reader 12 includes a processor 44, a transport device 46, an
excitation source 48, an emission sensor 50, a threshold and baseline memory 52, device
interface 54 and computer interface 56. In general, processor 44 controls various
operations within reader 12. For example, processor 44 drives transport device 46 to
move excitation source 48 and emission sensor 50 between different measurement wells
26 within reader 12. In other words, reader 12 may include a single excitation source 48
and emission sensor 50 that travel together on a carriage between different measurement
wells 26. The mechanical structure of reader 12, including transport device 46, may
generally correspond to the structure of the reader described in commonly assigned U.S.
Patent No. 6,025,189, to Bolea et al., with the exception that reader 12 may omit an
incubator. The entire content of the above-referenced patent is incorporated herein by
reference. In other embodiments, reader 12 may include multiple excitation sources and
multiple emission sensors to permit rapid reading of larger numbers of biological
indicators. In the example of FIG. 2, reader 12 includes twelve measurement wells.

However, a smaller or larger number of measurement wells can be provided in other

10
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embodiments. Accordingly, the use of multiple excitation sources and emission sensors
may be desirable in some instances

Processor 44 also controls excitation source 48 to transmit excitation energy to a
pre-incubated biological indicator 22 placed within a measurement well 26 to cause the
contents of the biological indicator to fluoresce. Emission sensor 50 senses fluorescent
emission from each pre-incubated biological indicator 22 and transmits associated
measurement information to processor 44. Notably, excitation source 48 and emission
sensor 50 are also used to obtain baseline fluorescence measurements from reference
biological indicators 20, e.g., upon startup or initialization of reader 12.

Excitation source 48 and emission sensor 50 may conform substantially to those
described in the above-referenced patent to Bolea et al. For example, excitation source 48
may include a fluorescent lamp or flash tube source and a filter to pass an appropriate
band of radiation. The light that is passed through the filter impinges on biological
indicator 22 to excite the fluorescent material in the biological indicator. Processor 44
may be configured to selectively control the emission output of excitation source 48 as
appropriate to excite different types of biological indicators that may be placed within
reader 12 at a given time.

The fluorescence exhibited by biological indicator 22 can be collected by an
integration cavity within the measurement well 26 in which the biological indicator is
placed. The integration cavity collects the fluorescence emitted from biological indicator
22 and directs that fluorescence to emission sensor 50. As described in the above-
referenced patent to Bolea et al., emission sensor 50 may include a filter and optical sensor
configured to acquire a desired range of emission wavelengths indicative of fluorescence
from biological indicator 22. Emission sensor 50 generates a fluorescence measurement
value based on the received fluorescence and provides the value to processor 44.
Emission sensor 50 may be configured to generate the fluorescence measurement value as
a digital value or an analog signal that is converted to digital form before presentation to
processor 44.

Upon receipt of baseline fluorescence measurements for reference biological
indicators 20, processor 44 stores the measurements in threshold and baseline memory 52
and associates the measurements with the appropriate measurement wells 26, and hence

the appropriate types of biological indicators that will be placed in the respective wells.

11
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During operation, upon receipt of fluorescence measurements for pre-incubated biological
indicators 22, processor 44 retrieves the pertinent threshold fluorescence value and
baseline fluorescence value from memory 52 and compares the sum of those values to the
fluorescence measurement. Alternatively, processor 44 may retrieve a pre-calculated sum
of the threshold fluorescence value and baseline fluorescence value from memory 44. As
a further alternative, processor 44 may subtract the pertinent baseline fluorescence values
from the fluorescence measurements for the pre-incubated biological indicators 22.

If the fluorescence measurement for the pre-incubated biological indicator 22
exceeds the sum of the threshold fluorescence value and baseline fluorescence value,
processor 44 detects growth within the pre-incubated biological indicator and indicates
failure of the sterilization cycle. In a sense, the sum may be considered a modified
threshold value for the pertinent measurement well 26 and type of biologiéal indicator.
Processor 44 may present the failure indication, or lack thereof, via device interface 54.

Device interface 54 may include display panel 28 (FIG. 2). For example, the
“plus” and “minus” symbols on display panel 28 may be selectively backlit to indicate the
pertinent result for the biological indicator in the measurement well 26 aligned with the
symbols. For example, lighting of the plus symbol indicates growth, and lighting of the
minus symbol indicates lack of growth.

Processor 44 may take the form of a microprocessor, a microcontroller, a DSP, an
ASIC, an FPGA, discrete logic circuitry, or the like. In addition to threshold and baseline
memory 52, processor 44 access a computer-readable medium to obtain and execute
instructions. Hence, in some embodiments, the invention may be directed to a computer-
readable medium comprising instructions to cause processor 44 to carry out various
functions as described herein. The computer-readable medium carrying the instructions
may include any volatile, non-volatile, magnetic, optical, or electrical media, such as a
RAM, ROM, CD-ROM, hard disk, removable magnetic disk, memory cards or sticks,
NVRAM, EEPROM, flash memory, and the like, as well as propagating media such as
electrical or optical communication links.

FIG. 5 is a flow diagram illustrating an exemplary method for reading biological
indicators. As shown in FIG. 5, an operator places biological indicators 20 or 22 within
sterilizer 16 (58), and performs a sterilization cycle (60). The sterilization cycle may

include steam sterilization, dry heat sterilization, or chemical or radiation sterilization
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techniques. Different time frames, temperature regimes and sterilization cycles require the
use of different types of biological indicators, as is known.

Following sterilization, the operator activates the biological indicators (62) to
condition them for growth. In particular, in an embodiment in which biological indicators
20, 22 are implemented in 2 manner similar to the 3M ATTEST model 1291 biological
indicator, the glass ampule containing a growth medium is crushed and its contents are
applied to a dry strip contain‘ing the spores. If reader 12 already includes baseline
fluorescence measurements in memory (64), the operator transfers the biological
indicators to the incubator 14 separate from reader 12 (66).

If reader 12 does not already include baseline fluorescence measurements in
memory, however, the biological indicators serve as the initial biological indicators to
obtain the baseline measurements. In this case, the biological indicators subjected to the
sterilization cycle are not placed in the incubator. Instead, the operator places the sterile-
processed biological indicators into the measurement wells in reader 12 (68) to obtain the
baseline measurements. Reader 12 measures the baseline measurements for each well (70)
and stores the baseline measurements in memory (72).

The biological indicators used to obtain the baseline measurements may be
sacrificial in the sense that they are merely discarded after the baseline measurements are
obtained. Aliernatively, they may be incubated (66) to detect growth and thereby verify
the efficacy of the sterilization cycle. In either case, the biological indicators used to
obtain the baseline measurements serve as reference biological indicators for the reading
of biological indicators later evaluated by reader 12.

FIG. 6 is a flow diagram further illustrating an exemplary method for reading
biological indicators. The process depicted in FIG. 6 continues from point A in FIG. 5.
Following transfer of the biological indicators to the incubator (74), the operator
determines whether the incubation time is complete (74). If the incubation time is not yet
complete, the operator may determine whether an early reading is nevertheless desired
(76). Upon completion of the incubation time, or for purposes of early reading, the
operator places the pre-incubated (or partially incubated) biological indicators 22 in
pertinent measurement wells 26 in reader 12 (78).

Reader 12 takes a single fluorescence measurement for each biological indicator 12

(80), and compares the measurement to the sum of the baseline measurement and the
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threshold fluorescence stored in memory 52 (82). If the measured value exceeds the sum
of the baseline value and the predetermined threshold value (82), reader 12 indicates a
positive result, i.e., detectable growth and therefore a sterilization process failure (84). If
the measured value does not exceed the sum of the baseline value and the predetermined
threshold value (82), reader 12 indicates a negative result (86).

If biological indicator 22 was used to obtain an early reading result (88), the
operator may return the biological indicator to incubator 14 to continue incubation (90). If
the reading was not an early reading result (88), or following indication of a positive result
(84), reader 12 transmits information by routing the result to computer 18 (FIG. 1) (92).
Computer 18 then displays the result for review by the operator (94), and logs the result to
a data file (96) for archival to facilitate later analysis or verification of results. In some
embodiments, computer 18 may receive results from multiple readers 12, e.g., by network
communication, and process, log and display those results separately or together. The
process depicted in FIGS. 5 and 6 may be repeated for each of the pre-incubated biological
indicators 22 placed within measurement wells 26 of reader 12, and for subsequent sets of
pre-incubated biological indicators loaded into the reader.

FIG. 7 is a diagram of an exemplary user interface screen 98 presenting results
produced by a biological indicator reader 12 as described herein. User interface screen 98
may be presented to an operator by computer 22 (FIG. 1). User interface screen 98 may be
generated by a data logging software application executed by computer 22. As shown in
FIG. 7, user interface screen 98 may include a time field 100, and optionally a date field
(not shown).

In addition, user interface screen 98 may include a communication status indicator
102 to indicate whether a communication link between computer 22 and reader 12 is
active. User interface screen 98 also may include active buttons to reset communication
(104), quit the application (106), log data obtained from reader 12 to a data file (108), and
stop the logging of data (110).

User interface screen 98 also displays captured excitation and emission data (112)
for individual biological indicators. In the example of FIG. 7, user interface screen 98
indicates a biological indicator (BI) reading of 255, e.g., on an 8-bit relative scale, and a
bulb reading of 150 on the same scale. Reader 12 compares the biological indicator

reading, i.e., the fluorescence measurement value, to the sum of the threshold fluorescence
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value and the based fluorescence value to detect growth. The bulb reading is a measure of
the excitation source intensity. In various embodiments, the “bulb” may be a lamp of flash
tube. The bulb reading enables the operator of reader 12 to verify tilat the excitation
source is in working order. Reader 12 may automatically check the excitation source
intensity to ensure it is above a predetermined failure intensity. In addition, reader 12 may
automatically display an error if the value is below the failure intensity. The bulb reading
displayed by user interface screen 98 can be monitored by the operator to anticipate
diminishing bulb intensity and the need for preventative maintenance before the failure
occurs.

Further, user interface screen 98 may include a virtual display 114 of the results
obtained fof each biological indicator 22 processed by reader 12. In the example of FIG.
7, virtual display 114 shows twelve different results for twelve different biological
indicators 22. However, reader 12 may be modified to process any number of biological
indicators 22, including much larger numbers of biological indicators, e.g., up to fifty or
one-hundred biological indicators. The results may be represented as a “plus” sign to
indicate a positive result, or a “negative” or “minus” sign to indicate a negative result.
Thus, virtual display 114 may generally depict display panel 28 of reader 12. Ifthe
measurement value for a particular biological indicator exceeds the sum of the threshold
value and the baseline value, user interface 98 shows a “plus” sign for the applicable
biological indicator. As an alternative, or in addition, the actual measurement value for
each biological indicator may be presented within virtual display 114.

FIG. 8 is a diagram of an exemplary data log file 116 containing results produced
by biological indicator reader 12. In the example of FIG. 8, data log file 116 may present
time, date, well number, and emission reading information for a set of biological indicators
12 processed by reader 12. Thus, in addition to presenting real-time data via user interface
screen 98, the data log application running on computer 22 may log data, including more
detailed data, to a data log file for archival and subsequent analysis or verification by
operators. In some cases, the data log file may serve as validation of the successful
sterilization of instruments, medical devices, implants and other articles released for use in
sterile surgical procedures. Alternatively, the data log file may serve as validation of the
proper operation or manufacture of lots of biological indicators to be released for use in

sterilization procedures.
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System 10, as described herein, may offer a number of advantages. In particular,
system 10 facilitates high capacity and high throughput reading of biological indicators for
sterilization efficacy monitoring or manufacture release testing. Reader 12 is capable of
detecting growth with a single measurement of a pre-incubated biological indicator. In
addition, reader 12 can accommodate several biological indicators at the same time. The
use of reference biological indicators to generate baseline fluorescence values for the
measurement wells in reader 12 supports the ability to detect growth with a single
measurement.

In addition, pre-incubation of the biological indicators permits omission of
incubators within reader 12, and can make the reader more compact and less complex, and
conserve laboratory space. As a further advantage, pre-incubation in a separate incubator
permits immediate evaluation of the pre-incubated biological indicators by the reader 12,
instead of waiting for incubation to proceed. This feature increases throughput in reader
12. The incorporation of a data logging software application, as described herein, enable
convenient storage and review of the high number of results obtained by reader 12.

Various embodiments of the invention have been described. However, one skilled
in the art will appreciate that various modifications may be made to these embodiments
without departing from the scope of the invention. These and other embodiments are

within the scope of the following claims.
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CLAIMS:

1. A method comprising:

obtaining baseline fluorescence measurements for reference biological indicators
placed within a plurality of measurement wells;

receiving pre-incubated biological indicators within the measurement wells;

obtaining a single fluorescence emission measurement for each of the pre-
incubated biological indicators; and

comparing the single fluorescence emission measurements obtained for each of the
pre-incubated biological indicators to threshold fluorescence values for the respective
measurement well to detect biological growth in the pre-incubated biological indicators,
wherein the comparison takes into account the baseline fluorescence measurements for the

respective measurement wells.

2. The method of claim 1, further comprising generating the threshold
fluorescence values by summing predetermined threshold fluorescence values with the

baseline fluorescence measurements to produce the threshold fluorescence values.

3. The method of claim 1, further comprising subtracting the baseline fluorescence
measurements from the single fluorescence emission measurements for the respective
measurement wells, and comparing the resulting differences to the respective threshold

fluorescence values.

4. The method of claim 1, further comprising exposing the pre-incubated

biological indicators to a sterilization cycle prior to incubation.
5. The method of claim 4, further comprising evaluating the efficacy of the

sterilization cycle for each of the pre-incubated biological indicators based on the

detection of biological growth in the pre-incubated indicators.
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6. The method of claim 1, further comprising exposing the reference biological
indicators to a sterilization cycle prior to obtaining the baseline fluorescence emission

measurements.

7. The method of claim 6, further comprising obtaining the baseline fluorescence

emission measurements without incubating the reference biological incubators.

8. The method of claim 1, further comprising transporting the pre-incubated
biological indicators from an incubation device to a reader device to obtain the single

fluorescence emission measurements.

9. The method of claim 1, wherein the reference biological indicators and the pre-
incubated biological indicators placed in the respective measurement wells are a common

type of biological indicator.

10. The method of claim 1, further comprising generating output indicating
whether biological growth was detected in the pre-incubated biological indicators based on

the comparison.

11. The method of claim 1, wherein the pre-incubated biological indicators

include at least twelve pre-incubated biological indicators.

12. The method of claim 1, further comprising:

placing a second set of the pre-incubated biological indicators within the
measurement wells

obtaining single fluorescence emission measurement for each of the pre-incubated
biologicai indicators in the second set; and

comparing the single fluorescence emission measurements obtained for each of the
pre-incubated biological indicators in the second set to the threshold fluorescence values
for the respective measurement well to detect biological growth in the pre-incubated

biological indicators in the second set.
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13. The method of claim 1, further comprising selecting the pre-incubated
biological indicators from a larger manufacturing lot of biological indicators to evaluate

proper operation of the lot of biological indicators.

14. The method of claim 1, wherein the biological indicators include biological

indicators configured for ethylene oxide sterilization processes.

15. The method of claim 1, wherein the biological indicators include biological

indicators configured for steam-based sterilization processes.

16. A device comprising:

a fluorescence emission reader to measurement fluorescence measurements for
biological indicators placed within a plurality of measurement wells; and

a processor to control the fluorescence emission reader to obtain baseline
fluorescence measurements for each of a plurality of reference biological indicators placed
within the measurement wells, and obtain a single fluorescence emission measurement for
each of a plurality of pre-incubated biological indicators placed within the measurement
wells,

wherein the processor compares the single fluorescence emission measurements
obtained for each of the pre-incubated biological indicators to the threshold fluorescence
values for the respective measurement well to detect biological growth in the pre-
incubated biological indicators, wherein the comparison takes into account the baseline

fluorescence measurements for the respective measurement wells.

17. The device of claim 16, wherein the processor generates the threshold
fluorescence values by summing predetermined threshold fluorescence values with the

baseline fluorescence measurements to produce the threshold fluorescence values.

18. The device of claim 16, further comprising subtracting the baseline
fluorescence measurements from the single fluorescence emission measurements for the
respective measurement wells, and comparing the resulting differences to the respective

threshold fluorescence values.
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19. The device of claim 16, wherein the processor generates threshold
fluorescence values by summing the predetermined threshold fluorescence values with the

baseline fluorescence measurements to produce the threshold fluorescence values.

20. The device of claim 16, wherein the pre-incubated biological indicators have

been exposed to a sterilization cycle prior to incubation.

21. The device of claim 16, wherein the processor indicates efficacy of the
sterilization cycle for each of the pre-incubated biological indicators based on the

detection of biological growth in the pre-incubated indicators.

22. The device of claim 16, wherein the reference biological indicators have been

exposed to a sterilization cycle.

23. The device of claim 16, wherein the reference biological indicators and the
pre-incubated biological indicators placed in the respective measurement wells are a

common type of biological indicator.

24. The device of claim 16, wherein the processor generates output indicating
whether biological growth was detected in the pre-incubated biological indicators based on

the comparison.

25. The device of claim 16, wherein the measurement wells include at least twelve

measurement wells.

26. The device of claim 16, wherein the processor controls the fluorescence
emission reader to obtain single fluorescence emission measurement for each of a second
set of pre-incubated biological indicators, and compares the single fluorescence emission
measurements obtained for each of the pre-incubated biological indicators in the second
set to the threshold fluorescence values for the respective measurement well to detect

biological growth in the pre-incubated biological indicators in the second set.
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27. The device of claim 16, wherein the biological indicators include biological

indicators configured for ethylene oxide sterilization processes.

28. The device of claim 16, wherein the biological indicators include biological

indicators configured for steam-based sterilization processes.

29. A computer-readable medium comprising instructions to cause a processor to:

obtain baseline fluorescence measurements for reference biological indicators
placed within a plurality of measurement wells;

obtain a single fluorescence emission measurement for each of a plurality of pre-
incubated biological indicators placed within the measurement wells; and

compare the single ﬂuoresc/ence emission measurements obtained for each of the
pre-incubated biological indicators to threshold fluorescence values for the respective
measurement well to detect biological growth in the pre-incubated biological indicators,
wherein the comparison takes into account the baseline fluorescence measurements for the

respective measurement wells.

30. The computer-readable medium of claim 29, wherein the instructions cause
the processor to generate the threshold fluorescence values by summing predetermined
threshold fluorescence values with the baseline fluorescence measurements to produce the

threshold fluorescence values.

31. The computer-readable medium of claim 29, wherein the instructions cause
the processor to subtract the baseline fluorescence measurements from the single
fluorescence emission measurements for the respective measurement wells, and compare

the resulting differences to the respective threshold fluorescence values.

32. The computer-readable medium of claim 29, wherein the instructions cause
the processor to generate threshold fluorescence values by summing the predetermined
threshold fluorescence values with the baseline fluorescence measurements to produce the

threshold fluorescence values.
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33. The computer-readable medium of claim 29, wherein the instructions cause
the processor to evaluate the efficacy of the sterilization cycle for each of the pre-
incubated biological indicators based on the detection of biological growth in the pre-

incubated indicators.

34. The computer-readable medium of claim 29, wherein the instructions cause
the processor to generate output indicating whether biological growth was detected in the

pre-incubated biological indicators based on the comparison.

35. A method comprising:

obtaining a single fluorescence measurement for each of a plurality of pre-
incubated biological indicators placed in measurement wells; and

comparing the single fluorescence emission measurements to threshold
fluorescence values for the respective measurement wells in which the pre-incubated
biological indicators are placed, wherein the comparison takes into account baseline
fluorescence measurements obtained for reference biological indicators placed in the

respective measurement wells.

36. A device comprising:

a fluorescence emission reader to measurement fluorescence measurements for
biological indicators placed within a plurality of measurement wells; and

a processor to control the fluorescence reader to obtain a single fluorescence
measurement for each of a plurality of pre-incubated biological indicators placed in the
measurement wells, wherein the processor compares the single fluorescence emission
measurements to threshold fluorescence values for the respective measurement wells in
which the pre-incubated biological indicators are placed, wherein the comparison takes
into account baseline fluorescence measurements obtained for reference biological

indicators placed in the respective measurement wells.
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