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METHOD AND SYSTEM FOR DETECTION OF BLOOD TYPES
FIELD OF THE INVENTION
The present invention is directed to a method and system for the detection

and identification of blood types.
BACKGROUND TO THE INVENTION

Correct grouping of human blood is imperative for numerous reasons;
among them transfusion compatibility is paramount. The term “blood group” is a
classification of an individual’s blood based upon the inherent presence or
absence of antigens on the surface of their red blood cells (RBCs). In the blood
plasma antibodies exist which are formed against foreign antigens to protect the
body from perceived threats. This reciprocal relationship, Landsteiner’s Law,
means that individuals who lack a RBC antigen (A, B or D for example) will
possess the corresponding serum antibody, whilst those who possess the antigen
must not. There are 30 discrete blood type systems recognized by the ISBT
Committee on Terminology for Red Cell Surface Antigens. Among these the ABO
and Rh systems are of primary importance when transfusing blood, as
incompatibility may lead to an acute haemolytic reaction with catastrophic results
such as shock and renal failure leading to death. Without ABO compatibility
testing, around one-third of unscreened blood transfusions would be expected to
cause a haemolytic reaction. For this reason the ability to quickly and cheaply
identify blood type is highly valued, and may lead to the saving of many lives.

The vast majority of techniques for ABO and Rh grouping of blood to date
have been based upon the principle of haemagglutination reactions between
RBCs and serum antibodies. The absence of agglutination indicates no
haemagglutination reaction. An exception to this is the technique of gene-
sequencing, which analyses DNA to precisely determine blood type, albeit at
considerable cost.

Commonly used methods include the slide test, tube test, micro plate
method, and the column agglutination system. These methods require specific
antiserum addition during testing or well-trained personnel to perform
centrifugation, and are therefore difficult to perform away from a laboratory
setting. Disposable systems such as lateral flow devices and bedside test cards,
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though rapid and without the need of expensive equipment, always require the
pre-treatment of blood samples or reconstitution of antibody.

All of the techniques mentioned suffer from shortcomings such as (i) high
cost (ii) necessity of trained personnel (iii) sample pre-treatment (iv) additional
reagent handling or (v) large sample volume requirements. This limits use in
developing regions and emergency situations where medical facilities are
unavailable. A recent study performed blood typing on paper strips coated with
antibody eliminating the pre-treatment of blood samples, but with the sample
volume required for each test being 20 uL, venipuncture is necessary.

The restrictive requirements of existing techniques render them less
suitable for point-of-care monitoring and treatment, especially for use in under-
developed areas, emergency situations, and general field use.

It is therefore an object of the present invention to provide a testing
platform utilising the porous nature of thread which avoids these limitations whilst
being simple, rapid and inexpensive with low sample volume requirements.

A further object of the present invention is to demonstrate a simple
recyclable blood sample device. It is therefore desirable that the present
invention allows the required volume of blood sample to be extracted from a
finger pricked with a conventional lancet device safely and adequately for testing,
increasing the ease of the procedure.

Discussion or mention of any piece of prior art in this specification is not to
be taken as an admission that the prior art is part of the common general
knowledge of the skilled addressee of the specification in Australia or any other
country.

SUMMARY OF THE INVENTION

The present invention uses thread as a flexible and low-cost substrate for
the rapid grouping of blood. In particular, a capillary substrate such as thread is
used for blood grouping utilising the sensitivity of the flow resistance of large
particles in narrow capillary channels to separate agglutinated red blood cells
(RBCs) from plasma. Large and discrete particles formed in a continuous liquid
phase do not provide a capillary wicking driving force and fall behind the capillary
wicking front, leading to their separation from the wicking liquid. The capillary
substrate therefore provides a very promising but different mechanism for the
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separation of the RBCs and the blood serum phase compared to most existing
blood grouping methods. The principle of chromatographic separation is also
exploited in this study via the use of suitable dyes to enhance the visual detection
of the agglutinated RBCs and the serum phase; surprising and encouraging
outcomes are obtained. Using a thread-based device, the ABO and Rh groups
can be successfully determined with only 2 uL of whole blood from a pricked
finger tip within 1 minute and without pre-treatment of the blood sample. It is
hoped that a new, inexpensive, rapid and simple method may provide an easy-to-
use blood grouping platform well suited to those in developing or remote regions
of the world.

According to an aspect of the present invention there is provided, a system
for identifying a blood group type of a blood sample, including: at least one thread
treated with an antibody; a delivery zone on which the blood sample is delivered
to the thread; and a testing zone through which capillary wicking of the blood
sample can occur; wherein visual indications of the blood group type can be
provided on the thread due to interaction of the antibody with the blood sample.

One visual indication may be due to the separation of agglutinated red
blood cells from the serum of the blood sample. Another visual indication may be
due to the non separation of the red blood cells from the serum of the blood
sample.

Preferably the antibody is selected from one of the following groups
consisting of: A, B, or D antibodies.

The thread may initially be given a plasma treatment to remove surface
contaminants before being soaked in an antibody solution. The antibody may be
mixed with a water soluble dye solution prior to treatment of the thread.

The system described above may include a plurality of threads, each
thread being treated with a different antibody.

The system may further include a testing platform, preferably formed from
a polymer film, upon which the threads are affixed.

In the system, the threads may be affixed in a generally star shaped
pattern and may be in contact with one another to thereby form a central delivery
zone for the threads.
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According to another aspect of the present invention there is provided, a
method for identifying a blood group type of a blood sample using a system as
described above.

According to a further aspect of the present invention there is provided, a
blood sampling tool including a needle eye shaped aperture for sampling a
quantity of blood. The blood sampling tool aperture preferably has a dimension of
about 0.6mm x 4.1mm.

BRIEF DESCRIPTION OF THE DRAWINGS

It will be convenient to further describe the invention with respect to the
accompanying drawings. Other embodiments of the invention are possible, and
consequently, the particularity of the accompanying drawings is not to be
understood as superseding the generality of the preceding description of the
invention. In the drawings:

Figure 1 shows samples of whole blood of type A+, B+ and O- on antibody
treated polyester threads. Columns show results on threads A, B and D from left
to right, whilst rows show the results for the different blood types as labelled on
the left.

Figure 2 is a graph showing separation distance due to agglutination for
positive reactions with the different antibody solutions: anti-A, anti-B and anti-D,
including cyan and magenta ink jet ink modified anti-D solutions.

Figure 3 shows blood testing on threads CD, MD and D (for comparison).

Figure 3a shows an A+ blood sample applied to thread CD.

Figure 3b shows an O- blood sample applied to thread CD.

Figure 3¢ shows an A+ blood sample applied to thread MD.

Figure 3d shows an O- sample applied to thread MD.

Figure 3e shows a positive result on unmodified thread D.

Figure 3f a negative result on unmodified thread D.

Figure 4 is a graph showing blood sample penetration length on thread for
micro-pipette and needle eye.

Figure 5 shows a single step blood grouping testing device, composed of
thread A, B and D wedged in a square of polymer film and sharing an intersecting

sample delivery zone.
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Figure 5a shows an unused device with a sample delivery zone indicated
within a circle

Figure 5b shows an enlargement of the right-hand side of the device
illustrated in Figure 5a after whole blood has been introduced into the delivery
zone in the centre via needle eye. The separation occurring on thread A and D
indicates that the blood is of type A+.

Figure 6 shows a method for detecting the blood type of a sample.
DESCRIPTION OF PREFERRED EMBODIMENT

Recent research into the use of thread as a substrate for biomedical and
environmental diagnostics has shown the material to be excellent for use in
microfluidic devices due to its “ready-made” channel structure. Thread is able to
wick liquids through capillary motion due to the capillary structure formed by
spaces between fibres comprising the thread. Cotton and polyester threads are
inexpensive and globally ubiquitous. They have excellent colour display
properties, physical strength and wettability. By impregnating thread with serum
antibodies, agglutination of RBCs will occur upon the addition of whole blood to
the dried thread. This reaction occurring between RBC surface antigens and
serum antibodies results in separation of the RBCs and plasma, resulting in three
distinct, visible regions when the test is positive. When no interaction occurs the
test is negative and no separation is visible.

The chromatographic separation principle, when used for blood typing with
a porous substrate such as thread, offers an unexpected advantage for the
identification of haemagglutination. It was found that adding suitable dyes to
antibodies significantly enhanced the clarity of results. Having low affinity to
cellulose fibre surfaces, the dyes are eluted by the serum phase remaining at the
wicking front, generating a visible gap between the dye and agglutinated RBCs.

Another preferred aspect of the present invention is to provide a simple,
recyclable blood sample handling tool. This tool allows the required volume of
blood sample be extracted from a finger pricked with a conventional lancet device

safely and adequately for testing, increasing the ease of the procedure.
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EXAMPLE:

Preparation of antibody impregnated thread

Polyester thread was obtained from the School of Fashion and Textiles,
RMIT University, Melbourne, Australia. Polyester thread was used as the
substrate because it has excellent colour display properties, which aid in the
identification of the separation of sample components in capillary channels. The
thread used was given an initial plasma treatment to remove surface
contaminants which greatly increased its ability to be wet. Epiclone™ anti-A, anti-
B and anti-D monoclonal grouping reagents were sourced from CSL Australia.
Anti-A and anti-B are a transparent cyan and a yellow solution respectively, whilst
anti-D is a clear solution. Threads were treated with antibody via soaking in the
grouping reagent followed by blotting with standard blotting paper (Drink Coaster
Blotting, 280 gm™) to remove any surplus of antibody solution from the thread.
After drying under a fume hood for 10 minutes, coated threads were ready to be
used for ABO and Rh blood typing. In this work, “thread A”, “thread B” and “thread
D” are used as abbreviations for the three types of thread, treated with anti-A,

anti-B and anti-D/Rh respectively.

Modification of antibodies for enhanced detection

The addition of strongly water-soluble dyes to antibody solutions was
found to significantly assist in the visual detection of the agglutination of RBCs.
Water-soluble dyes were added to the clear anti-D solution to achieve this
enhancement to result interpretation. Ink solutions (cyan and magenta) for visual
indication of successful separation were prepared by diluting commercial Canon
ink jet inks (CLI Y-M-C-BK, PGBK (http://www.canon.com.au) with Millipore
filtered water. Diluted inks were then mixed with antibody solution in the ratio of
1:25 (V:V) ink to antibody solution. Thread was soaked in the coloured anti-D
solutions and then dried under a fume hood. Abbreviations of “thread MD” and
“thread CD” were adopted for threads treated with magenta and cyan modified

anti-D solutions.
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Blood sample tests using the thread-based platform

Blood samples (A+, B+ and O-) were sourced from donors of known blood
type, with samples being drawn by a trained nurse, and stored in Vacutainer® test
tubes containing lithium-heparin anticoagulant. All blood samples were stored at
4°C, and used within 5 days of withdrawal. For the primary investigation of the
feasibility of using antibody treated thread as a blood typing system, three treated
threads (thread A, B, D) were immobilised in folded polypropylene films with
lodging slits to aid testing, and a micropipette (Eppendorf research® 0.1-2.5 pL)
was used to dose a 1 uL blood sample onto each thread. Threads MD and CD
were tested in a similar fashion to evaluate whether coloured anti-D enhanced the
visibility of separation. For positive results showing separation of agglutinated
RBCs and serum, the separation distance between the edge of RBCs and serum

was measured using a vernier calliper.

Confirmation of donor blood type using the glass slide method

Donor blood types were confirmed using the conventional glass slide
technique to provide a control for the thread-based platform. The testing
procedure was provided by CSL, Australia. This established method was also
used to confirm that the dyes added to anti-D solutions did not affect the results
by inhibiting agglutination (in the positive case where the blood contains the
corresponding antigen) or by causing agglutination when none should occur (by
mixing ink solution and blood with no antibody present).

Separation of agglutinated RBCs from blood serum on thread

|dentifying the agglutination of RBCs using porous media has a unique
advantage: large and discrete particles in a suspension system undergo a phase
separation from the continuous liquid phase in the capillary channels. As the
whole-blood sample wicks through the inter-fibre gaps of the antibody treated
threads, blood serum will dissolve the antibody molecules deposited on the
surface of the fibres. Therefore, if RBC agglutination occurs as a result of a
haemagglutination reaction it is expected to take place at the blood wicking front
first. Haemagglutination reactions occur when antibodies (immunoglobulin

molecules, 1gG and IgM) bond to the specific binding sites on the antigens of
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adjacent RBCs. The aggregation of the RBCs by the antibody molecules leads to
the formation of significantly larger particles that cannot be stably suspended in
the serum phase. As the sample wicks along the thread, the size of the
agglutinated particles increases. Since the agglutinated RBCs form discrete
particles, they cannot contribute to the capillary driving force required for the
blood sample to continue wicking forward. Instead, the agglutinated RBC particles
can only be carried by the serum to move forward. In this situation agglutinated
particles will be gradually left behind from the serum wicking front. Furthermore,
the agglutinated particles in the inter-fibore channels may act as a “filter” which
permits serum to pass, but prevents other agglutinated RBC particles from
passing. This causes the separation of the agglutinated RBCs from the serum
phase. This reaction is visually identifiable by the appearance of a pale pink
coloured band (identified between two dashed lines) between the RBCs and dry
antibody residue, as seen in Figure 1(a, c, e, f). In the case where the deposited
antibody does not react with the antigens of the RBCs, no separation is visually
detectable (as seen for type O- blood in Figures 1g- i).

Figure 2 displays collected data quantifying the average length of
separation distance for different types of antibody treated thread. Error bars
represent one standard deviation from the arithmetic mean (10 repetitions).
Although there is a small difference in separation distance between differing
antibodies, a distance of approximately 3mm was typical and easily visible by the
human eye, being of similar length to a standard “stitch” found on a shirt cuff.
Typically, results became easily visible within 1 minute of sample dosing, making
the test quite rapid compared to existing techniques.

|dentifying a person’s ABO and Rh blood type requires three tests, two for
the A and B antigens to determine ABO grouping, and a further test for the D
antigen to determine Rh grouping. A results-matrix is shown in Table 1 which aids
in the interpretation of results. Due to the serious consequences of blood
transfusion incompatibility, it is recommended that a serum cross check be
performed to ensure a safe transfusion, as is standard with all existing blood
grouping methods.

Table 1 shows a results-matrix for aiding interpretation. Ticks indicate a
positive result (separation has occurred) whilst crosses indicate a negative (no
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separation). The user simply identifies which column matches their result to find
their blood type

TABLE 1:
Anti — A v v v v X X X x
Anti — B v v X X v v X X
Anti—D v X v X v X v X
AB+ |AB- |A+ |A- |B+ |B- |0+ |O-

Effect of adding colouring agents to antibody solutions

As the detection of separation is performed visually, it is more difficult to
identify the separation of the blood components on thread B and D compared to
thread A, due to the similar colour of the anti-B and anti-D solutions and the blood
plasma on thread. The addition of dyes to the antibody solutions can assist
interpretation of such results. The antibodies purchased are coloured for the
purpose of identification, with anti-A being cyan coloured, anti-B a light yellow
whilst anti-D/Rh is colourless. It is from this colouring that the enhancement effect
was first noticed on thread, with positive results for thread A being much easier to
interpret due to the presence of a light coloured band formed between the
agglutinated RBCs and the cyan antibody solution. This band is caused by the
migration of the blood plasma.

The cyan and yellow dyes in the commercial Anti-A and Anti-B solutions
are patent blue V and tartrazine, respectively. Patent blue V is an acid dye with
two sulphonic groups; it dissociates in aqueous solutions and is negatively
charged. This dye therefore has a weak affinity towards cellulose and polyester
fibre surfaces, which also carry a weak negative charge in aqueous solutions.
Tartrazine is an azo dye with three dissociable acidic groups - two sulphonic and
one carboxylic. Its negatively charged character in aqueous solutions indicates
that it also has weak affinity towards cellulose and polyester. When these dyes
are deposited onto thread together with antibodies, they can be readily dissolved
and carried forward along the thread by the wicking blood sample. When Anti-A
binds the RBCs and causes their agglutination, the agglutinated RBCs will be left
further and further behind the wicking front of the plasma. The dissolved dye
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molecules, in contrast to RBCs, will be carried by the plasma and remain in the
wicking front of the plasma phase until it stops. The different migration behaviour
of the agglutinated RBCs and these dyes allows a gap to develop between the
RBCs and the dye as the plasma wicks along the antibody-treated thread. This
gap results in the formation of a band of very light colour in contrast to the
agglutinated RBCs and the colour of the dye in the plasma wicking front. The
length of the band is comparable to the separation length previously mentioned
for unmodified anti D (Figure 2), but the contrasting colours make separation
more easily visible, enhancing the ability of the user to detect agglutination. This
effect is minimal for the Tartrazine doped Anti-B due to its light yellow colouring
which is similar to that of plasma. In situations where agglutination does not
occur, this band does not develop.

Diluted ink jet printing inks were used as colouring agents to modify
antibody solutions. Despite detailed information about the dyes used in the ink
formulations being unavailable, it is expected that the dyes must have excellent
solubility in aqueous solutions (a basic requirement for ink-formulation dyes).
Since all dyes for ink jet ink formulation carry negative charges for reasons of
safety (positively charged dyes may possess mutagenic properties), ink jet ink
dyes also have a poor affinity with the fibres used. Although this poor affinity has
a well known and unwanted effect upon ink jet printing, it makes these ink
solutions well suited for the doping of antibody solutions.

The enhanced visual identification effect can be achieved for threads B
and D by adding ink to the antibody solution before thread treatment. Figure 3
illustrates the effect, showing threads (CD and MD) which have been treated with
anti-D solution modified to include cyan and magenta inkjet inks. When compared
to earlier results for thread D, one can see that the separation of plasma and
RBCs (illustrated by the dashed lines) is much clearer with the modified antibody.

Figure 3a shows an A+ blood sample applied to thread CD, a light band
can be seen between the RBCs and cyan antibody solution indicating separation
of plasma and RBCs. Figure 3b shows an O- blood sample applied to thread CD,
no separation is visible. Figure 3c shows an A+ blood sample applied to thread
MD; a positive result is indicated by a light band. Figure 3d shows an O- sample
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applied to thread MD, no separation is visible. Figure 3e shows a positive result
on unmodified thread D. Figure 3f a negative result on unmodified thread D.

Figure 2 shows the mean separation distance between agglutinated RBCs
and serum on threads CD and MD from ten repeated measurements to be.4.2
mm and 3.6 mm respectively, It is expected that the use of suitable dyes to
enhance visual identification of blood typing results is applicable for other porous
substrates.

Low-cost dosing device

Blood samples of 1 uL were deposited by micro-pipette for the examples
described above. However, no necessity exists for maintaining the sample
volume at exactly 1uL to achieve accurate results. Blood samples (A+) of different
volume (0.6, 1, 2 and 4 pL) were deposited onto portions of thread A (six
repetitions per volume) to validate this. All threads showed positive results, with
separation of agglutinated RBCs and plasma occurring. This result indicates that
the use of a simple and low-cost dosing tool to deliver blood samples is feasible if
sample volumes fall within the range of 0.6 uL to 4 pL. Various tools for dosing
blood into the thread-based system were investigated, with cost, consistency of
sample volume delivered and disposability/recyclability being of primary
importance. These tools remove the requirement for more precise and expensive
tools (for example, micropipettes) which are not universally available in under-
developed areas or for general users.

Among these tools the use of tool having a sewing needle eye shaped
aperture for sample dosing was exemplary as it was (i) able to deliver relatively
consistent whole blood sample volumes (ii) easily cleaned and sterilised using a
flame (iii) inexpensive to obtain (iv) easily transported and extremely portable and
(v) commonplace globally. The procedure simply involves dipping the needle eye
shaped aperture into a drop of whole blood from a pricked finger. Blood is drawn
into the aperture and can then be transferred by pressing the aperture to the
thread, which has finer capillary channels and therefore stronger liquid absorption
ability.

The repeatability of this technique was assessed by measuring whole

blood penetration length into untreated thread. If the thread is considered
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relatively uniform then penetration distance is proportional to delivered sample
volume. Samples were dosed using a tool having a needle eye shaped aperture
(of aperture dimensions 0.6mm x 4.1mm) yielding an average penetration of
15.1mm with a standard deviation (s.d.) of 1.1mm from six repetitions. In
comparison the micropipette yielded 16.0 £ 0.5 mm (average * s.d.) for 1uL blood
sample and 14.6 £ 0.5 mm for 0.6 pL (see Figure 4). This result suggests that
although the needle eye method does not achieve consistency of the same
degree as the expensive micropipette, it is still capable of delivering samples
within the range necessary for the test. Although the metal needles used are
recyclable and easily sanitised, a disposable plastic device could be made which
operates upon the same principal, albeit at lower cost.

Single-step method

In order to further simplify the testing process a single-step system and
method was investigated which can perform the three different antibody tests
simultaneously. By immobilising a sample of threads A, B and D in a small square
of polymer film in a criss-cross arrangement, it is possible to determine a person’s
ABO and Rh blood groups with a single dose of whole-blood. A sample of 2uL
was proven to be sufficient for the test, and could easily be delivered using the
needle eye technique previously described (albeit with a larger needle eye) to the
centre of the device where the threads intersect. As the sample wicks along each
thread, antibody is chromatographically eluted along the length of the threads and
away from their intersection much quicker than between different threads; hence
any migration of antibody between threads is greatly reduced preventing
interference to correct grouping. Figure 5 displays one possible embodiment of a
single step testing method. Figure 5 shows a single step blood grouping testing
device, composed of thread A, B and D wedged in a square of polymer film and
sharing an intersecting sample delivery zone.

In Figure 5, 51 is the anti-B treated thread, 52 is the anti-A treated thread
and 53 is the anti-D treated thread. Figure 5a shows an unused device with a
sample delivery zone indicated within a circle.

The sample delivery zone 50 has a sample of blood applied to it. Figure

5b shows an enlargement of the right-hand side of the device illustrated in Figure



10

15

20

25

30

WO 2012/083361 PCT/AU2011/001650
13

5a after whole blood has been introduced into the delivery zone in the centre via
needle eye. This blood then reacts with the treated threads and forms a
separation profile as shown in Figure 5b. Figure 5b is an enlarged image of the
right half of the system, the separation achieved (illustrated by dashed lines)
indicates the sample is of type A+. The system shown in Figure 5a was
constructed simply by wedging the threads in small slits in the polymer film, but it
should be noted that a sturdier device could easily be constructed by sewing or
gluing the threads to the film. This device is simple to use and produce, compact
and portable. A generous cost estimate of only $0.009 USD per device suggests
suitability for use in regions which are economically under-developed.

Figure 6 shows the steps involved in the use of a single step thread based
blood testing device. Firstly blood is obtained from the patient. It is then
collected on a delivery device, in this case the eye of a needle. The sample of
blood is then placed on a delivery zone. Once the blood has interacted with the
treated thread, the separation profile can be obtained and compared to known
separation profiles for determining the blood type of the patient.

Longevity

The efficacy of the thread-based platform after a 4 week storage period
was investigated. Two sets of samples were stored in micro-tubes wrapped in foil;
one at 4°C the other at ambient temperature. Storage testing gave good results
for all antibody treated thread types, suggesting that the devices could be
transported and stored for a moderate period of time without degrading if sealed
in airtight and light-proof packaging.

Conclusion

The results show that the use of thread as a porous substrate for ABO and
Rh blood typing is viable and reduces the volume of blood required (to ~2uL)
compared to conventional methods. The technique is rapid, requires only whole
blood and eliminates the need for the end user to either handle other testing
reagents or perform sample dilutions. The addition of dye to the antibody solution
chromatographically enhances the visibility of the separation of agglutinated
RBCs and plasma, making it easier for the user to identify a positive reaction. The
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simple and recyclable (or disposable) metering device used enhances the
simplicity of the test and further reduces the need for complicated or expensive
equipment.

Although only ABO and Rh/D blood groups were tested, it is expected that
the platform could easily be extended to identify other groups of interest that
follow similar antibody/antigen interactions.

The thread-based blood grouping system and method is simple and robust
enough to be employed by the end user without assistance. It is portable,
disposable, can be easily preserved and maintains a low cost of construction,
making it attractive for diagnostics and point of care testing especially in remote
and developing regions.

Although this new platform is not expected to replace current methods
practiced in the developed world, it is hoped that it may find use in remote and
developing regions where access to laboratories or hospitals is unavailable.

As the present invention may be embodied in several forms without
departing from the essential characteristics of the invention, it should be
understood that the above described embodiment should not be considered to
limit the present invention but rather should be construed broadly. Various
modifications and equivalent arrangements are intended to be included within the
spirit and scope of the invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A system for identifying a blood group type of a blood sample, including:

at least one thread treated with an antibody;

a delivery zone on which the blood sample is delivered to the thread; and

a testing zone through which capillary wicking of the blood sample can
occur;

wherein visual indications of the blood group type can be provided on the
thread due to interaction of the antibody with the blood sample.

2. A system according to claim 1, wherein one said visual indication is due to
the separation of agglutinated red blood cells from the serum of the blood sample.

3. A system according to claim 1 or 2, wherein one said visual indication is
due to the non separation of the red blood cells from the serum of the blood
sample.

4. A system according to claim 1, 2 or 3, wherein the antibody is selected

from one of the following groups consisting of: A, B, or D antibodies.

5. A system according to claim 4, wherein the antibody is mixed with a water
soluble dye solution prior to treatment of the thread.

6. A system according to any one of the preceding claims, including a
plurality of threads, each thread being treated with a different antibody.

7. A system according to claim 6, further including a testing platform upon
which the threads are affixed.

8. A system according to claim 7, wherein the testing platform is formed from

a polymer film.
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9. A system according to claim 6 or 7, when the threads are affixed in a
generally star shaped pattern and are in contact with one another to thereby form
a central delivery zone for the threads.

10. A system according to any one of the preceding claims, wherein the thread
is initially given a plasma treatment to remove surface contaminants before being

soaked in an antibody solution.

11. A method for identifying a blood group type of a blood sample using a
system according to any one of the previous claims.

12. A blood sampling tool including a needle eye shaped aperture for sampling
a quantity of blood.

13. A blood sampling tool according to claim 12, wherein the aperture has a

dimension of about 0.6mm x 4.1mm.
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