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Safety approach for diagnostic systems

Field of invention

The present invention provides a diagnostic safety method, a diagnostic device, a
computer program and a diagnostic system for analyzing a plurality of samples with

regard to the presence of contaminations.

Background of the Invention

Contamination during analytic procedures and of products is a common problem
in many fields of science, health care and industry. Especially for the food industry
and for medical services, the quality control regulations demand that the existence
of germs like bacteria, virus and fungi has to be controlled strictly, even though an
environment completely free of germs is not achievable. For IVD devices
contaminations need to be avoided to circumvent infections of patients as well as to
guarantee a proper diagnosis. With respect to science such biological

contaminations may have drastic effects on measurements leading to false results.

Due to the increasing demand for enhancing the amount of products and processes,
a high degree of automation and parallelization is required in industry and health
care that devotes high demands on the precision and reliability of instrumentation
and automation, especially based on the operational desire to optimize sample
volumes and the time-to-result, while at the same time to provide high sensitivity

and low failure rates.

Current diagnostic systems for IVD and medical application utilize specific safety
measures to detect “single failures”, which could potentially result in malfunction
und misdiagnosis. This specific safety approach is based on identifying the most
critical processing steps bearing the highest potential to create false results in case of
a malfunction or failure, and to enhance the reliability of this process step by
adding specific test equipment for failure detection. Examples are e.g. self tests for
individual sensors (light barriers, temperature sensors, motors, controllers), the
surveillance of pipetting steps (aspiration and dispensing volume) or the process
temperatures. Consequently, these approaches have the drawback that only certain

parts of the system are assured by adding accessory equipment.

A control system for a dialysis machine is described in US 6,868,309. WO 01/14593
describes a method to produce quality assured biological samples and US 5,591,573
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describes a method to test blood samples. Mortimer, J., describes pooling strategies
to test donated blood for viral genomes (Vox Sang 73 (1997) 93-96).

For other safety critical applications in the area of e.g. railways or air traffic a
redundant, multi channel architectures is applied (Graband, M., et al, Signal+Draht
5 80 (1988) 199-204), whereas the comparison of the redundant channel results is
used to detect one or more failures. Here, the entire system is assured by the safety

approach.

The present invention provides a new safety approach for diagnostic systems that

satisfies the demands for safety of the diagnostic result as well as throughput.

10 Summary of the Invention

The present invention is directed to a safety method for a diagnostic system, a
diagnostic device, a diagnostic system and a computer program capable of

analyzing samples.

One aspect of the present invention is a safety method for a diagnostic system that
15 analyzes a plurality of samples with regard to the presence of contaminations

comprising the steps

a) taking an aliquot of a first sample,

b) dividing said aliquot into at least two aliquot parts,

¢) analyzing each of said at least two aliquot-parts with respect to the presence

20 of contaminations simultaneously and

d) comparing the sample results obtained for each of said at least two aliquot
parts in step ¢) in order to verify the presence or absence of contaminations
in said sample and/or to detect failures of the diagnostic system, wherein

steps a) to d) are repeated with another sample from said plurality of samples

25 until all samples of said plurality of samples are analyzed.

Throughout the present invention a diagnostic system provides a diagnostic result
and it is of course of utmost importance that this diagnostic result is reliable.
Therefore, special precautions have to be taken to maximize the result safety of said
diagnostic system, while maintaining a suitable throughput, cost and sample
30 volume. The safety method of the present invention can e.g. provide sample results
with high safety without affecting neither the throughput nor the required sample

volume. In the present invention the phrase “sample result” summarizes all kinds of
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measurement results that can be obtained with diagnostic techniques known to
someone skilled in the art. Examples for sample results are numeric results like a
mass of an analyte obtained by mass spectrometry or a set of measurement values

like a growth curves obtained by real-time PCR.

The safety method of the present invention analyzes samples with regard to the
presence of contaminations. Depending on the application of the safety method,
such contaminations are biological contaminations such as bacteria, viruses, fungi,
proteins or nucleic acids or chemical contaminations such as toxic agents. At the
end, the safety method has to verify, if the analyzed sample comprises a certain

contamination or not.

In addition to the verification of the presence or absence of contaminations in a
certain sample, the safety method of the present invention also detects failures of
the diagnostic system. In general, a failure of the diagnostic system is detected, if the
comparison of certain results does not fulfill defined criteria. In such a case, the
sample is not named “contaminated” (reactive) or “non contaminated” (non-
reactive), but, depending on the application, the analysis can e.g. be repeated,
disregarded or tested with other methods. In certain embodiments of the present
invention, the failures of the diagnostic system are recorded in order to detect

recurring errors.

Although the safety method of the present invention can also be performed with a
single sample, its power 1s exploited, if a plurality of samples is to be tested, because
the throughput can be maintained, while a multiplicate analysis improves the safety
of the method.

The safety method of the present invention is based on the principal that the
aliquot of a certain sample is divided into at least two aliquot parts. These at least
two identical aliquot parts are than analyzed simultaneously in order to provide
redundant diagnostic results. For the performance of the present invention it is not
only necessary that the at least two simultaneous analysis are performed at the same

point of time, but also with the identical diagnostic device hardware.

Therefore, for each of said aliquot parts a separate diagnostic device or a separate
processing lane within a single diagnostic device has to be provided. Only if the
comparability of the at least two sample results is assured, it is possible to improve
the safety of the analysis. Note that the partition of an initial aliquot into at least

two aliquot parts has an impact on the sensitivity of the method, because every
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aliquot part comprises only a respective part of a potential contamination. If this
loss in sensitivity is of importance for a certain application, the effect can be at least
partially compensated by special combination procedures that are explained later

OI1l.

The safety method is repeated with another sample until all samples of said

plurality of samples are analyzed.

Another aspect of the present invention 1s a safety method for a diagnostic system
that analyzes a plurality of samples with regard to the presence of contaminations

comprising the steps

a) providing a blent sample of aliquots taken from each member of a group of
samples chosen from said plurality of samples,

b) dividing said blent sample into at least two aliquot parts,

c) analyzing each of said at least two aliquot parts with respect to the presence
of contaminations simultaneously and

d) comparing the sample results obtained for each of said at least two aliquot
parts in step ¢) in order to verify the presence or absence of contaminations
in said group of samples and/or to detect failures of the diagnostic system,
wherein

steps a) to d) are repeated with another group of samples from said plurality of

samples until all samples of said plurality of samples are analyzed.

In this embodiment of the safety method according to the present invention, blent
samples are analyzed. Such a blent sample comprises aliquots from a certain
number of samples, whereas from each sample an aliquot with preferably the same
volume is used. Each sample that contributes with an aliquot to a certain blent
sample is a member of the respective group of samples and each sample of said
plurality of samples is a member of only one group of samples. Note that the use of
blent samples increases the sample throughput, but reduces the information about
contaminations from a single sample to a group of samples. This embodiment of
the present information is therefore useful for applications, where large numbers of
samples need to be analyzed. If a contamination is detected in a group of samples,
the entire group is marked as contaminated. Optionally, each of the group
members can subsequently be analyzed separately in order to find the one or more

contaminated sample of said group.
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Yet another aspect of the present invention is a diagnostic device capable of

analyzing samples with regard to the presence of contaminations comprising

A) at least two identical processing lanes each equipped with a sample input
means and means for the analysis of said samples in order to obtain
redundant diagnostic results of a sample and

B) means for the comparison of said redundant diagnostic results of the at least
two identical processing lanes in order to verify the presence or absence of
contaminations in saild sample and/or to detect failures of the diagnostic

device.

A diagnostic device capable of analyzing samples with regard to the presence of
contaminations according to the present invention has at least two identical
processing lanes to produce redundant diagnostic results of a sample. Only if the
processing lanes of said diagnostic device are identical, the at least two redundant

sample results can be used to improve the safety of the analysis.

Still another aspect of the present invention is a computer program executable by a
diagnostic device to analyze samples with regard to the presence of contaminations

comprising the steps

aa) obtaining at least two redundant diagnostic results of a sample with respect
to the presence of contaminations,

bb) comparing said redundant diagnostic results in order to verify the presence
or absence of contaminations in said sample and/or to detect failures of the

diagnostic device.

A further aspect of the present invention is a diagnostic system to analyze samples

with regard to the presence of contaminations comprising

AA)a diagnostic device and

BB) a computer program according to the present invention.

Description of the Figures
Figure 1: Flowchart picture of the safety method according to the present invention.

Figure 2: Schematic plots illustrating the sensitivity regain.
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Detailed de iption of the inventio

One aspect of the present invention is a safety method for a diagnostic system that
analyzes a plurality of samples with regard to the presence of contaminations

comprising the steps

5 a) taking an aliquot of a first sample,

b) dividing said aliquot into at least two aliquot parts,

c) analyzing each of said at least two aliquot parts with respect to the presence
of contaminations simultaneously and

d) comparing the sample results obtained for each of said at least two aliquot

10 parts in step ¢) in order to verify the presence or absence of contaminations

in said sample and/or to detect failures of the diagnostic system, wherein

steps a) to d) are repeated with another sample from said plurality of samples

until all samples of said plurality of samples are analyzed.

A preferred safety method according to the present invention is a method, wherein
15 each sample comprises an internal control and said analyzing in step c) provides
additional control results for each aliquot part that are optionally compared in step
d) in addition to the comparison of said sample results in order to verify the
presence or absence of contaminations in said sample and/or to detect failures of

the diagnostic system.

20 Throughout the present invention an internal control is a compound that is present
in the sample from the beginning or that is spiked to the sample prior to the
analysis. Such an internal control provides additional control results during the
sample analysis in step c¢). In both case it is of importance to know the exact
amount of said compound in the sample or at least to know the expected control

25 result. If the obtained control result is within a certain range of the expected control

result, the control result is called “valid” throughout the present invention.

In another preferred safety method according to the present invention, said
analyzing of each of said at least two aliquot parts in step c) is performed
simultaneously on identical analyzers or simultaneously on one analyzer having at

30 least two identical processing lanes.

As mentioned before, it is necessary that the at least two simultaneous analyses are
performed not only at the same point of time, but also with identical diagnostic

device hardware. This can be assured by providing identical analyzers or one
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analyzer having at least two identical processing lanes. Identical processing lanes
need to have identical sample input means and identical means for the analysis of
said samples in order to obtain sample results. Results obtained in such a manner

are called “redundant results” throughout the present invention.

5 In an also preferred safety method according to the present invention, said
additional control results are obtained simultaneously on each identical analyzer or

on each of said at least two identical processing lanes.

Due to the use of internal controls, the additional control results are obtained
simultaneously during the analysis of the each aliquot part on identical analyzers or
10 on identical processing lanes of one analyzer. In other words, for each sample result

an additional control result i1s obtained.

In yet another preferred safety method according to the present invention, said
aliquot of step a) is divided into 2 — 4 aliquot parts and said analyzing in step ¢) is
performed simultaneously on 2 — 4 identical analyzers or simultaneously on one

15 analyzer having 2 — 4 1dentical processing lanes.

Due to the sensitivity issue mentioned before, it does not make sense to divide the
initial aliquot of a sample into a large number of aliquot parts, because the
contamination will soon reach an undetectable amount. Moreover, for each aliquot
part an identical analyzer or an identical processing lane of one analyzer must be

20 provided. Therefore, it is preferred to divide the initial aliquot into 2 — 4 aliquot
parts.

Another preferred safety method according to the present invention is a method,
wherein in step a) said aliquot is a blent sample of aliquots taken from each
member of a group of samples chosen from said plurality of samples, said blent
25 sample is divided into at least two aliquot parts in step b) and the comparison of
sample results in step d) is performed in order to verify the presence or absence of
contaminations in said group of samples and/or to detect failures of the diagnostic

system.

As mentioned before, such a blent sample comprises aliquots from a certain
30 number of samples, whereas the aliquot from each sample has preferably the same
volume and each sample that contributes with an aliquot to a certain blent sample
is a member of the respective group of samples, whereas each sample of said

plurality of samples is a member of only one group of samples.
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In a more preferred safety method according to the present invention, said group of
samples comprises 2 — 4 samples from said plurality of samples and/or said blent

sample is divided into 2 — 4 aliquot parts.

Said blent samples can be used in different ways. If a certain group of samples has 3
members, then a blent sample comprising e.g. equal aliquots from each member
can be divided into 3 aliquot parts each comprising 1/3 of each initial aliquot. On
the other hand a blent sample from a group of 3 members can also be divided into 2
aliquot parts each with 1/2 of each initial aliquot. To summarize, the number of
members per group of samples as well as the number of aliquot parts can freely be

chosen in order to obtain a desired throughput, sample resolution and sensitivity.

In another more preferred safety method according to the present invention, the
steps a) to d) are repeated with another group of samples from said plurality of

samples until all samples of said plurality of samples are analyzed.

Within the present invention it is not necessary that said another group of samples
has the same number of members as the first group of samples or that the number

of aliquot parts is the same for each group of samples.

Based on the sample results and optionally the control results, the safety method
according to the present invention can decide between three different situations
after the analysis of a sample or a group of samples, namely the presence of a

contamination, the absence of a contamination or the failure of the analysis.

In a preferred safety method according to the present invention, the presence of

contaminations is verified, if

(i) each analysis in step c¢) provides a sample result and said sample results
compared in step d) are equal or

(11) each analysis in step c) provides a sample result, said sample results
compared in step d) are different and the control results are valid or

(iii) not all analyses in step c) provide a sample result and the control results are

valid.

In another preferred safety method according to the present invention, a failure of

the diagnostic system 1s detected, if

(i) the sample results from step c¢) that are compared in step d) are different or

(i1) not all control results are valid.
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In yet another preferred safety method according to the present invention, the
absence of contaminations is verified, if no analysis in step c) provides a sample

result and the control results are valid.

The consequences of the different combinations of sample results (S;) and control
results (C;) are summarized in Figure 1. Note that the sample results are equal (S;
equal) throughout the present invention, if the difference between each of the
sample results is below a certain defined threshold. Consequently, if the difference
between at least one pair of sample results is too large, the sample results are
different (S; unequal) corresponding to a failure that is named “sample failure™
throughout the present invention. Moreover, the sample results are unequal, if not
all analyses in step c) provide a sample result and a certain number of analyses

provide no sample result.

With respect to the control results there are two different situations. Because the
expected control result is know, the control result is named “valid” (C; valid), if its
difference to the expected control result is below a certain defined threshold.
Consequently, if the difference from the expected control result is too large, the
control result is “invalid” corresponding to a failure that is named a control failure

throughout the present invention.

[f no analysis in step ¢) provides a sample result (S; = 0) and the control results are
valid, no contamination is detected and the sample or the group of samples i1s “non

reactive’ .

Another preferred safety method according to the present invention is a method,
wherein detected failures of the diagnostic system are recorded to produce failure
histories for the diagnostic system and/or to calculate failure rates, wherein the

entire diagnostic system is excluded, if failure rates exceed a defined threshold.

A more preferred safety method according to the present invention is a method,
wherein control failures are recorded separately for each identical diagnostic device

or for each identical processing lanes of one diagnostic device.

The recording of control failures and sample failures in failure histories can be used
for different important statements with respect to the performance of the diagnostic
device. If the detected control failures are recorded for the at least two diagnostic

devices or the at least two processing lanes of one diagnostic device separately, it
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can be verified, if a high failure rate of the analysis procedure 1s mainly associated

with one diagnostic devices or processing lane.

Using multiple failure histories, the detected failures can be correlated e.g. with
reagent lots in order to figure out, if a high failure rate is associated with a certain
reagent lot that can then be excluded from further analysis. Moreover, other
embodiments of failure correlation are possible within the scope of the present
invention depending on the detection method or the device setup. If the diagnostic
device is e.g. based on a multiwell plate processing, it is possible to correlate the

detected failures with the well position within the plates.

As mentioned before, the partition of an initial aliquot into at least two aliquot
parts has an impact on the sensitivity of the method, because every aliquot part
comprises only a respective part of a potential contamination. If this loss in
sensitivity is of importance for a certain application, the effect can be at least

partially compensated by combination of the obtained sample results.

Yet another preferred safety method according to the present invention further
comprises a combination step e), wherein the sample results obtained for each
analysis in step ¢) are combined to verify the presence or absence of contaminations

in said sample.

The phrase “combination of sample results” is used throughout the present
invention to express that the sample results obtained from each analysis in step c)
are combined in order to make a single statement with respect to the presence of
contaminations. For this combined approach, the amount of data points to detect a
potential contamination is increased by the combination of the sample results
obtained in step c¢), whereas each sample result is treated as an independent analysis
result. As a consequence, the statistical weight of the analysis is increased and the
standard deviation of the measurement is reduced (see e.g. Lorenz, “Grundbegriffe
der Biometrie”, Gustav Fischer Verlag, 1996).

In a more preferred safety method according to the present invention, said

combination of sample results increases the sensitivity of the safety method.

The increase in sensitivity (sensitivity gain AS) due to the combination of sample
results and the corresponding reduction of the sample result distribution is
schematically illustrated in Figure 2. In general, the sensitivity of any analysis

procedure is limited due to the background of the analytic technique used (“limit of
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blank” (LOB)). The respective background signal has a distribution (dotted line in

Figure 2) characterized by a standard deviation (2sg).

Since the sample result has a distribution characterized by a standard deviation,
too, the limit of detection (LOD) is defined as the signal threshold under which the
respective 2s-intervals of the background distribution and the sample result
distribution starts to overlap. Consequently, if the 2s-interval of the sample result
can be reduced due to the increase of data points, the LOD can be shifted to lower
values. This effect is illustrated by the solid and the dotted line in Figure 2. Here, the
LOD (broken line) could be reduced to LOD’ (solid line) due to the reduction of
the distribution width from 2s (broken line) to 2s” (solid line) corresponding to a

sensitivity gain of AS.

In another more preferred safety method according to the present invention, said
combination of sample results comprises an additional hardware compensation

step.

Throughout the present invention, the sample results that are combined for the
optional sensitivity regain are obtained on different diagnostic devices or on
different processing lanes of one diagnostic device. Although these diagnostic
devices or processing lanes are supposed to be identical, there will be slight
differences in their background signals. Therefore, the sample results can be
corrected for these hardware differences in order to ensure the validity of result
combination for sensitivity regain. This correction for hardware differences
between different diagnostic devices or between different processing lanes is called

hardware compensation step throughout the present invention.

The safety method according to the present invention can be used for all kinds of
samples that may have contaminations. The purpose for the detection of
contaminations in a plurality of samples is e.g. quality control issues, pollution

analysis of resources or pandemic screening.

In a preferred safety method according to the present invention, said samples are

food samples or environmental samples.

In another preferred safety method according to the present invention, said samples

are blood samples.
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In case of blood screening applications the detection of contaminations is twofold.
On the one hand, blood donations must be free from contaminations for further
processing and on the other hand, the donor should be informed and/or excluded
from further blood donations.

In yet another preferred safety method according to the present invention, said

contaminations are microbial contaminations, preferably viruses, fungi or bacteria.

Diagnostic analysis of samples is preferably performed with respect to biological
issues and the contaminations are viruses, fungi or bacteria. If such microbial
contaminations have to be detected, the safety method of the present invention I
general comprises additional steps for sample preparation, namely e.g. the lysis of

cells or an isolation step to separate proteins or nucleic acids from the cell debris.

In still another preferred safety method according to the present invention, said

analyzing in step ¢) is a PCR amplification.

[f microbial contaminations like viruses, fungi or bacteria have to be detected, it is
preferred to detect them via their characteristic nucleic acids. Since these nucleic
acids are usually present in very small concentrations, 1t is necessary to perform an

amplification reaction, such as a PCR amplification.

[n a more preferred safety method according to the present invention, said PCR
amplification is performed in real-time using SYBR Green, Tagman probes or

hybridization probes.

Using a real-time PCR amplification has the well known advantage that the
amplification of nucleic acids present in the sample can be monitored in real-time
resulting in a growth curve. In general, real-time PCR is performed using
fluorescent labeled probes, whereas the corresponding growth curves comprise a
fluorescence value for each amplification cycle and a nucleic acid is detected, if the
fluorescence increases significantly during the amplification process. In an
embodiment of the present invention using a real-time PCR amplification for the
analysis of step c), the obtained sample result is the cycle number at which the
fluorescence intensity rises significantly over the fluorescence background (cr-

value) or the slope of the growth curve in a certain area.

The sample results of this embodiment of the present invention are equal, if the ct-

values or the growth curve slope of each amplification reaction are equal within
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boarders. Using the growth curve slope in order to verify the presence or absence of
a contamination in a sample, one has to define a certain minimum slope that is
indicative for the presence of a contamination. The slope itself is obtained by linear
regression of the growth curve data points and therefore, 1t 1s afflicted with a certain
uncertainty. This uncertainty can be reduced, if the data points from several growth
curves are combined and consequently, the minimum slope that is indicative for

the presence of a contamination can be lowered.

Moreover, in another preferred safety method according to the present invention,

said analyzing in step c) is performed using array or ELISA assays.

Note that the analytical techniques discussed above are not limiting the scope of the
invention and all analytical techniques suitable for the verification of a
contamination within a sample known to someone skilled in the art can be used for

the safety method according to the present invention.

Another aspect of the present invention is a diagnostic device capable of analyzing

samples with regard to the presence of contaminations comprising

A) at least two identical processing lanes each equipped with a sample input
means and means for the analysis of said samples in order to obtain
redundant diagnostic results and

B) means for the comparison of said redundant diagnostic results of the at least
two identical processing lanes in order to verify the presence or absence of
contaminations in said sample and/or to detect failures of the diagnostic

device.

A diagnostic device according to the present invention comprises at least two
identical processing lanes. As mentioned before, although these processing lanes are
supposed to be identical, there will be slight differences that will alter their

background signals that can be corrected by a hardware compensation step.

Nevertheless, in order to produce redundant diagnostic results for said verification
of presence or absence of contaminations, it is necessary that said at least two
identical processing lanes are as independent as possible and therefore, each
processing lane is equipped with at least its own sample input means and means for
the analysis of samples. In addition, it is possible to equip each processing lane with

its own power supply.
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In a preferred diagnostic device according to the present invention, said at least two
identical processing lanes are independent in order to produce redundant

diagnostic results.

The diagnostic device according to the present invention has one means to compare
the redundant diagnostic results from each identical processing lane. It is preferred
that this means for comparison is a computer processor and that the diagnostic

device has an additional means for data presentation, preferably a monitor.

In a preferred diagnostic device according to the present invention, said means for

the comparison of redundant diagnostic results is a computer processor.

A preferred diagnostic device according to the present invention further comprises

means for data presentation.

The samples that can be analyzed with the diagnostic device according to the
present invention and the contaminations that can be detected were already

discussed before.

In another preferred diagnostic device according to the present invention, said

samples are food samples or environmental samples.

In yet another preferred diagnostic device according to the present invention, said

samples are blood samples.

In still another preferred diagnostic device according to the present invention, said

contaminations are microbial contaminations, preferably viruses, fungi or bacteria.

Within the scope of the present invention all analytical techniques suitable for the
verification of a contamination within a sample known to someone skilled in the art
can be used as means for the analysis of samples for the diagnostic device according

to the present invention.

In a further preferred diagnostic device according to the present invention, said at
least two identical processing lanes are able to perform real-time PCR

amplifications.

In a preferred diagnostic device according to the present invention, said at least two

identical processing lanes are able to perform array or ELISA assays.
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Yet another aspect of the present invention is a computer program executable by a
diagnostic device to analyze samples with regard to the presence of contaminations

comprising the steps

aa) obtaining at least two redundant diagnostic results of a sample with respect
to the presence of contaminations,

bb) comparing said redundant diagnostic results in order to verify the presence
or absence of contaminations in said sample and/or to detect failures of the

diagnostic device.

The computer program of the present invention is configured such that a
diagnostic device performs said steps aa) and bb) in order to analyze samples with

regard to the presence of contamination.

In a preferred embodiment of the computer program, said diagnostic device 1s a

diagnostic device according to the present invention.

As mentioned before, a diagnostic device according to the present invention has at
least two identical processing lanes each equipped with a sample input means and
means for the analysis of said samples in order to obtain redundant diagnostic

results.

In still another preferred embodiment of the computer program according to the

present invention, additionally at least 2 redundant control results are provided.

Beside the redundant diagnostic results the computer program according to the
present invention further requires at least 2, preferably 2 — 4 redundant control
results to verify the presence or absence of contaminations in said sample and to

detect failures of the diagnostic device.

In another embodiment of the computer program according to the present

invention, preferably 2 — 4 redundant diagnostic results are compared in step bb).

Each redundant diagnostic result for said computer program implies that the
diagnostic device has to become more complex in order to provide an additional
redundant diagnostic result. Therefore, it is preferred to use a computer program

that obtains 2 — 4 redundant diagnostic results.
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In another preferred embodiment of the computer program according to the
present invention, said redundant diagnostic results of a sample are the results of

real-time PCR amplifications.

In yet another preferred embodiment of the computer program according to the
present invention, said redundant diagnostic results of a sample are the results of

array or ELISA assays.

Within the scope of the present invention all analytical techniques suitable for the
verification of a contamination within a sample known to someone skilled in the art
can be used to obtain the redundant diagnostic results with a computer program

according to the present invention.

In a preferred computer program according to the present invention, the presence

of contaminations is verified, if

(1) said redundant diagnostic results compared in step bb) are equal or

(i1) said redundant diagnostic results are different and said redundant control
results are valid or

(111) not all redundant diagnostic results are obtained and said redundant control

results are valid.

In another preferred computer program according to the present invention, a

failure of the diagnostic device is detected, if

(1) said redundant diagnostic results compared in step bb) are different or

(1) not all redundant control results are valid.

In yet another preferred computer program according to the present invention, the
absence of contaminations is verified, if no redundant diagnostic result is obtained

and said redundant control results are valid.

The consequences of the different combinations of redundant diagnostic results
and redundant control results were discussed already with respect to the safety
method according to the present invention and apply here correspondingly. In
brief, note that the redundant diagnostic results are equal, if the difference between
each of the redundant diagnostic results is below a certain defined threshold. If the
difference between at least one pair of diagnostic results is too large, the redundant
diagnostic results are different corresponding to a failure that is named a “sample

failure” throughout the present invention. With respect to the redundant control
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results there are two different situations. Because the expected control result is
know, the redundant control result is named “valid”, if its difference to the
expected control result is below a certain defined threshold. If the difference from
the expected control result is too large, the redundant control result is “invalid”
corresponding to a failure that is named a control failure throughout the present

invention.

A preferred computer program according to the present invention 1s a computer
program, wherein detected failures of the diagnostic device are recorded to produce
a failure history of the diagnostic device and/or to calculate a failure rate, wherein

the entire diagnostic device is excluded, if said failure rate exceeds a defined
threshold.

The advantages of recording the detected failures to produce a failure history of the
diagnostic device were outlined before. In brief, the recording of multiple failure
histories gives the opportunity to correlate the failures to certain aspects of the
diagnostic device or to steps of the detection procedure in order to exclude said

aspects or steps from further analysis.

Another preferred computer program according to the present invention further
comprises a combination step cc), wherein redundant diagnostic results obtained in
step aa) are combined to verify the presence or absence of contaminations in said

sample.

As mentioned before, such a combination step can be used to increase the

sensitivity of the detection process.

A further aspect of the present invention is a diagnostic system to analyze samples

with regard to the presence of contaminations comprising

AA)a diagnostic device and

BB) a computer program according to the present invention.

In a preferred system according to the present invention, said diagnostic device is a

diagnostic device according to the present invention.

As mentioned before, a diagnostic device according to the present invention has at
least two identical processing lanes each equipped with a sample input means and
means for the analysis of said samples in order to obtain redundant diagnostic

results.
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Another preferred system according to the present invention further comprises the
reagents necessary to analyze a plurality of samples with regard to the presence of

contaminations.
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A safety method for a diagnostic system that analyzes a plurality of samples

with regard to the presence of contaminations comprising the steps
a) taking an aliquot of a first sample,
b) dividing said aliquot into at least two aliquot parts,

c) analyzing each of said at least two aliquot parts with respect to the

presence of contaminations simultaneously and

d) comparing the sample results obtained for each of said at least two
aliquot parts in step c¢) in order to verify the presence or absence of
contaminations in said sample and/or to detect failures of the diagnostic

system, wherein

steps a) to d) are repeated with another sample from said plurality of samples

until all samples of said plurality of samples are analyzed.

The safety method according to claim 1, wherein each sample comprises an
internal control and said analyzing in step c) provides additional control
results for each aliquot part that are optionally compared in step d) in
addition to the comparison of said sample results in order to verify the
presence or absence of contaminations in said sample and/or to detect failures

of the diagnostic system.

The safety method according to claims 1 — 2, wherein said analyzing of each
of said at least two aliquot parts in step c) is performed simultaneously on
identical analyzers or simultaneously on one analyzer having at least two

identical processing lanes.

The safety method according to claims 1 — 3, wherein in step a) said aliquot is
a blent sample of aliquots taken from each member of a group of samples
chosen from said plurality of samples, said blent sample is divided into at
least two aliquot parts in step b) and the comparison of sample results in step
d) is performed in order to verify the presence or absence of contaminations

in said group of samples and/or to detect failures of the diagnostic system.
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The safety method according to claims 2 - 4, wherein the presence of

contaminations is verified, if

(1) each analysis in step c) provides a sample result and said sample

results compared in step d) are equal or

(11) each analysis in step ¢) provides a sample result, said sample results

compared in step d) are different and the control results are valid or

(1i1) not all analyses in step ¢) provide a sample result and the control

results are valid.

The safety method according to claims 2 — 4, wherein a failure of the

diagnostic system is detected, if

(1) the sample results from step c¢) that are compared in step d) are

different or
(1) not all control results are valid.

The safety method according to claims 2 — 4, wherein the absence of
contaminations is verified, if no analysis in step c¢) provides a sample result

and the control results are valid.

The safety method according to claims 1 - 7 further comprising a
combination step e), wherein the sample results obtained for each analysis in
step ¢) are combined to verify the presence or absence of contaminations in

said sample.

A diagnostic device capable of analyzing samples with regard to the presence

of contaminations comprising

A) at least two identical processing lanes each equipped with a sample input
means and means for the analysis of said samples in order to obtain

redundant diagnostic results of a sample and

B) means for the comparison of said redundant diagnostic results of the at
least two identical processing lanes in order to verify the presence or
absence of contaminations in said sample and/or to detect failures of the

diagnostic device.
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A computer program executable by a diagnostic device to analyze samples

with regard to the presence of contaminations comprising the steps

aa) obtaining at least two redundant diagnostic results of a sample with

respect to the presence of contaminations,

bb) comparing said redundant diagnostic results in order to verify the
presence or absence of contaminations in said sample and/or to detect

failures of the diagnostic device.

A diagnostic system to analyze samples with regard to the presence of

contaminations comprising
AA) adiagnostic device and

BB) acomputer program according to claim 10.
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