TITLE OF INVENTION: A microfluidic blood type detection chip

REFERENCE TO RELATED APPLICATIONS

[001] This application claims the priority to China application No. 202111075012.7,
filed on 14 September 2021, the contents of which are incorporated herein by reference.
Technical Field

[002] The invention relates to the field of microfluidic chips, in particular to a
microfluidic blood type detection chip.

Background

[003] Microfluidic chips are an emerging technology industry. Microfluidic
detection chip technology integrates basic operation units such as sample preparation,
reaction, separation, and detection in biological, chemical, and medical analysis
processes into a micron-scale chip, and automatically completes the entire analysis
process. It has great potential in biology, chemistry, medicine and other fields.

[004] Blood typing is a method of classifying blood, of which the ABO and Rh blood
type systems are most closely related to human blood transfusion. ABO blood type
system: A blood type system divided according to the presence or absence of specific
antigens (agglutinogens) A and B on the surface of red blood cells. The ABO blood type
system was the first human blood type system to be discovered and determined.
According to the distribution of agglutinogens A and B, blood is divided into four types:
A, B, AB, and O. Type A blood has only agglutinogen A on red blood cells, and there is
anti-B agglutinin in its plasma; type B blood has only agglutinogen B on red blood cells,
and there is anti-A agglutinin in its plasma; type AB blood has both A and B
agglutinogens on red blood cells, and there is no anti-A or anti-B agglutinin in its plasma;
type O blood has no A and B agglutinogens on red blood cells, and there are both anti-
A and anti-B agglutinins in its plasma. Anti-A agglutinin can agglutinate erythrocytes
with agglutinogen A; anti-B agglutinin can agglutinate erythrocytes with agglutinogen
B. The so-called forward typing refers to the use of standard anti-A and anti-B typing
plasma to determine whether there is corresponding A antigen and/or B antigen on red

blood cells. The so-called reverse typing refers to the use of standard A-type and B-type



cells to determine the presence or absence of anti-A and/or anti-B agglutinins in plasma.
The combination of forward and reverse typing can be used as a verification to improve
the accuracy of the detection results. Rh blood type system: Blood is divided into Rh-
negative and Rh-positive blood types based on the presence or absence of Rh factor.
Clinically, human red blood cells contain five antigens of the Rh system, antigens D, C,
¢, E, and e, among which the D antigen has the strongest antigenicity. According to the
presence or absence of D antigen on erythrocytes, that is, blood that lacks D antigen on
erythrocytes is RhD-negative blood, and blood that has D antigen on erythrocytes is
RhD-positive blood.

[005] Since incompatible transfusion of the ABO blood type system will inevitably
lead to the occurrence of hemolytic transfusion reaction symptoms (disseminated
intravascular coagulation, renal failure, and even death), accurate identification of ABO
blood type is crucial. In addition, although the Rh-negative rate in the Chinese
population is only 0.34%, the immune phenomenon due to Rh blood type
incompatibility is rare, but anti-Rh antibodies can appear in the plasma of Rh-negative
people after transfusion of Rh-positive blood, so when Rh-positive blood is re-infused,
agglutination will occur, resulting in a hemolytic reaction. Moreover, although there is
no Rh antibody in normal human plasma, if a Rh-negative woman is pregnant with a
Rh-positive fetus, once the red blood cells of the fetus enter the mother, it can also
stimulate the mother to produce Rh antibodies. Even if the mother is transfused for the
first time, it can also cause hemolysis. Therefore, our Ministry of Health has the
following clear regulations. The blood transfusion department should check the blood
transfusion application form, the blood samples of the blood recipient and the blood
donor item by item; review the ABO blood type (forward and/or reverse typing) of the
blood recipient and the blood donor; and routinely check the Rh blood type of the
patient. Crossmatching can only be performed when all of the above are correct.

[006] Hematocrit, abbreviated as Hct, generally refers to packed cell volume (PCV),
which refers to the volume ratio of sedimented red blood cells to whole blood measured
after a certain amount of anticoagulated whole blood is centrifuged. It is a simple

method to indirectly reflect the number and volume of red blood cells. The clinical
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significance of PCV determination is basically the same as that of red blood cell count
or hemoglobin determination. It is often used as an indicator for the diagnosis and
classification of anemia, and can also be used as an indicator for the observation of the
efficacy of polycythemia vera, clinical blood transfusion and infusion therapy. It is also
the basic data for calculating the mean erythrocyte volume and mean erythrocyte
hemoglobin concentration.
[007] At present, the commonly used blood type identification methods are:
cardboard method, glass slide method, test tube method, and microcolumn gel method.
However, the cardboard method, glass slide method and test tube method all have the
following defects: 1. the forward and reverse typing identification of blood type systems
needs to be carried out separately; 2. all samples need to be pre-processed, which is
time-consuming and labor-intensive; 3. it cannot be automatically detected, and the
proficiency of the experimenter is required to be high; and 4. large amount of blood
sample is required. In addition, although the micro-column gel method can be
automated, this method has extremely high requirements on the quality of the samples
to be tested, reagents and instruments, and the cost is relatively high. At the same time,
the detection of hematocrit is also an important basis for blood supply, and no one has
yet applied it to the blood type identification chip.
Summary of the Invention
[008] In order to solve the deficiencies in the prior art, the present invention provides
a microfluidic blood type detection chip to overcome the defects of the existing blood
type detection technology. It has the advantages of simple operation, small sample
usage, automatic detection, simultaneous forward and reverse typing blood type
identification, low cost, more accurate detection results, and direct detection of
hematocrit while performing blood type identification, providing an important basis for
blood matching and supply.
[009] In order to realize the above-mentioned technical purpose, the present
invention adopts the following technical scheme:

A microfluidic blood type detection chip, the chip comprises a chip body, and the

chip body comprises: a forward typing blood type identification area, which is provided
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with a first sample injection chamber, a quantitative mixing chamber, and a forward
typing reaction chamber;

a reverse typing blood type identification area, which is provided with a second
sample injection chamber, a quantitative separation chamber, and a reverse typing
reaction chamber;

vent holes communicated with the forward typing reaction chamber and the
reverse typing reaction chamber respectively;

the first sample injection chamber and the second sample injection chamber are
used for injecting a sample to be detected, and are respectively connected with the
quantitative mixing chamber and the quantitative separation chamber through a
microfluidic channel, the reaction sample enters the quantitative mixing chamber and
the quantitative separation chamber respectively from the first sample injection
chamber and the second sample injection chamber;

a diluent is preset in the first sample injection chamber, the diluent enters the
quantitative mixing chamber from the first sample injection chamber;

after the reaction sample and the diluent in the first sample injection chamber are
mixed in the quantitative mixing chamber, the blood cell sample enters the forward
typing reaction chamber through a microfluidic channel to react with reaction reagent
therein for detection;

the plasma sample separated from the quantitative separation chamber enters the
reverse typing reaction chamber through a microfluidic channel to react with reaction
reagent therein for detection.

[010] Preferably, the forward typing reaction chamber includes a plurality of blood
type antibody reagent reaction cavities, a forward typing quality control reaction cavity
and an overflow tank; the reverse typing reaction chamber includes a plurality of blood
type red blood cell reagent reaction cavities, a reverse typing quality control reaction
cavity and an overflow tank.

[011] More preferably, the plurality of blood type antibody reagent reaction cavities
and the plurality of blood type red blood cell reagent reaction cavities are respectively

equidistantly distributed.



[012] Preferably, a diluent is preset in the second sample injection chamber, the
diluent enters the quantitative separation chamber from the second sample injection
chamber.

[013] Preferably, the reverse typing blood type identification area further comprises
a sample overflow chamber, which is connected with the quantitative separation
chamber, and the reaction sample exceeding the quantitative separation chamber enters
the sample overflow chamber.

[014] Preferably, the quantitative separation chamber includes a separation chamber
I and a separation chamber II, the sample overflow chamber and the separation chamber
I are respectively connected to the separation chamber II through different microfluidic
channels, the reaction sample exceeding the separation chamber I enters the separation
chamber II and the sample overflow chamber successively.

[015] Preferably, the sample overflow chamber is connected with the vent hole that
is communicated with the forward typing reaction chamber.

[016] Preferably, the microfluidic channel between the sample injection chamber and
the quantitative mixing chamber, the microfluidic channel between the quantitative
mixing chamber and the forward typing reaction chamber, and the microfluidic channel
between the quantitative separation chamber and the reverse typing reaction chamber
are pre-filled with a solid phase change material.

[017] More preferably, the phase change material is a single-component alkane solid
phase change material.

[018] Preferably, the chip further comprises a phase change material filling port.
[019] More preferably, the phase change material filling port is a vent hole.

[020] Preferably, the chip further comprises a hematocrit detection tube groove,
which is connected to the quantitative separation chamber and is located on the side of
the quantitative separation chamber close to the forward typing blood type
identification area.

[021]  Preferably, the volumes of the forward typing reaction chamber and the reverse
typing reaction chamber are both 20-40 pL.

[022] Preferably, the volume of the first sample injection chamber is 100-200 pL.
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[023] Preferably, the volume of the second sample injection chamber is 250-350 pL.
[024]  According to the above-mentioned technical scheme, the present invention has
the following advantages:

The invention adopts the microfluidic chip technology, and only needs to add
whole blood sample on the chip to realize automatic blood type identification. In
addition, the chip has forward and reverse typing blood type identification areas, a
single chip can simultaneously complete the blood type detection of forward and
reverse typing, and the forward and reverse typing results can be mutually verified,
making the blood type identification results more accurate. Re-examination with
reverse typing can make up for the deficiency of forward typing, and it is easy to find
and correct the wrong identification of blood type when the results of forward and
reverse typing are inconsistent.

[025] In the present invention, the blood collection volume is small, the volume of
the first sample injection chamber is 100-200 pL, and the sample injection volume is 5-
20 uL, that is, a drop of blood can be used to complete the forward typing blood type
detection. Therefore, the problem of applicability for people who have difficulty in
blood collection, especially for newborns, can be well solved.

[026] The invention has a built-in hematocrit detection tube groove, which can
directly detect hematocrit while performing blood type identification, and provides an
important basis for blood matching and supply.

[027] In the present invention, the microfluidic channel between the first sample
injection chamber and the quantitative mixing chamber is pre-filled with a phase change
material. The liquid diluent is directly encapsulated in the first sample injection
chamber by using the phase change material. During blood type identification, the
temperature is adjusted to a suitable range through a matching detection instrument, so
that the phase change material pre-filled in the microfluidic channel will undergo a
phase change due to the temperature change in instrument detection chamber. The
specific process is to change from solid state to liquid state, which realizes the flow of
liquid sample and reagent. The chip structure is simple and the cost is low.

[028] In the present invention, the microfluidic channel between the quantitative
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mixing chamber and the forward typing reaction chamber, and the microfluidic channel
between the quantitative separation chamber and the reverse typing reaction chamber
are pre-filled with a phase change material. Moreover, a liquid reaction reagent is
directly encapsulated in the reaction chamber by using the phase change material,
thereby overcoming the problems of high cost and poor reproducibility of results caused
by the use of solid reagent encapsulation. Most importantly, the integrity of blood cell
reagent in the reverse typing reaction chamber can be well maintained, and the problem
that the blood cell is easily broken when the blood typing red blood cell reagent is
solidified is solved. Therefore, the chip structure is simplified, the cost is reduced, and
the accuracy of the detection result is further improved.

Brief Description of the Drawings

[029] [FIG. 1] is an exploded schematic diagram of the overall structure of the
microfluidic blood type detection chip of the present invention;

[030] [FIG. 2] is a schematic diagram of the front structure of the chip body in the
microfluidic blood type detection chip of the present invention;

[031] [FIG. 3] is a schematic diagram of the rear structure of the chip body in the
microfluidic blood type detection chip of the present invention;

[032] [FIG. 4] is a schematic diagram of the three-dimensional structure of the chip
body in the microfluidic blood type detection chip of the present invention;

[033] [FIG. 5] is a schematic diagram of the rear structure of the overall structure of
the microfluidic blood type detection chip of the present invention;

[034] [FIG. 6] is an exploded schematic diagram of the overall structure of the chip
according to another embodiment of the microfluidic blood type detection chip of the
present invention;

[035] [FIG. 7] is a schematic diagram of the front structure of the chip body
according to another embodiment of the microfluidic blood type detection chip of the
present invention;

[036] [FIG. 8] is a schematic diagram of the three-dimensional structure of the chip
body according to another embodiment of the microfluidic blood type detection chip of

the present invention;



[037] [FIG. 9] is a schematic diagram of the rear structure of the chip body according
to another embodiment of the microfluidic blood type detection chip of the present
invention;

[038] [FIG. 10] is a schematic diagram of the rear structure of the chip according to
another embodiment of the microfluidic blood type detection chip of the present
invention;

[039] [FIG. 11] is an exploded schematic diagram of the overall structure of the chip
itself of the microfluidic blood type detection chip of the present invention, which is
provided with two groups of forward typing blood type identification areas;

[040] [FIG. 12] is a schematic diagram of the front structure of the chip body of the
microfluidic blood type detection chip of the present invention, which is provided with
two groups of forward typing blood type identification areas;

[041] [FIG. 13]is a schematic diagram of the three-dimensional structure of the chip
body of the microfluidic blood type detection chip of the present invention, which is
provided with two groups of forward typing blood type identification areas;

[042] [FIG. 14] is a schematic diagram of the rear structure of the chip body of the
microfluidic blood type detection chip of the present invention, which is provided with
two groups of forward typing blood type identification areas;

[043] [FIG. 15] is a schematic diagram of the rear structure of the chip itself of the
microfluidic blood type detection chip of the present invention, which is provided with
two groups of forward typing blood type identification areas.

[044] Description of reference numerals:

1: chip upper layer; 2: chip body; 3: opaque film; 41: first sample injection
chamber; 42: second sample injection chamber; 5: anti-interference groove; 6:
positioning structure; 8: quantitative mixing chamber; 9: separation chamber I; 10:
hematocrit detection tube groove; 11: sample overflow chamber; 12: separation
chamber II; 13: first phase change material filling port; 14: blood type antibody reagent
reaction cavity; 15: blood type red blood cell reagent reaction cavity; 16: forward typing
quality control reaction cavity; 17: reverse typing quality control reaction cavity; 18:

overflow tank; 191: first vent hole; 192: second vent hole; 193: third vent hole; 20:
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sealing film; 211: first microfluidic channel; 212: second microfluidic channel; 213:
third microfluidic channel; 214: fourth microfluidic channel; 215: fifth microfluidic
channel; 221: upper-layer first sample injection chamber through hole; 222: upper-layer
second sample injection chamber through hole; 23: sample injection chamber window;
24: hematocrit detection tube groove window; 25: reaction chamber window; 271: first
reverse flow channel; 272: second reverse flow channel.

Detailed Description of the Invention

[045] The technical solutions of the present invention will be described in detail
below with reference to the accompanying drawings. It should be understood that the
specific embodiments described herein are only used to explain the present invention,
but not to limit the present invention. However, the scope of the present application is
not limited by these embodiments, but is subject to the scope of the claims. In order to
provide a clearer description and to enable those skilled in the art to better understand
the content of the present application, each part in the figures is not necessarily drawn
according to its relative size. The proportions of certain sizes and other related scales
may be highlighted and thus exaggerated, and irrelevant or unimportant details are not
fully drawn for the sake of simplicity.

[046] The present invention provides a microfluidic blood type detection chip, which
i1s manufactured by injection molding of a mold and can be used with detection
equipment. The detection chip can have a fan-shaped structure, or can be designed as
required.

[047] As shown in [FIG. 1] — [FIG. 5], the microfluidic blood type detection chip in
the present invention comprises a chip upper layer 1 and a chip body 2 serving as a
lower chip.

[048] As shown in [FIG. 1], the chip upper layer 1 may be a transparent film, on
which is provided with an upper-layer first sample injection chamber through hole 221
and an upper-layer second sample injection chamber through hole 222. The upper-layer
first sample injection chamber through hole 221 and the upper-layer second sample
injection chamber through hole 222 are used for adding whole blood samples, and are

respectively located on the left and right sides of the chip upper layer 1 near the center.

9



[049] Asshown in [FIG. 1] — [FIG. 5], the chip body 2 comprises: a forward typing
blood type identification area, which is provided with a first sample injection chamber
41, a quantitative mixing chamber 8, a forward typing reaction chamber and a first vent
hole 191; and a reverse typing blood type identification area, which is provided with a
second sample injection chamber 42, a quantitative separation chamber, a sample
overflow chamber 11, a reverse typing reaction chamber and a second vent hole 192.
[050] The first sample injection chamber 41 and the second sample injection
chamber 42 are respectively located on the left and right sides near the center of the
chip body 2. The tops of the first sample injection chamber 41 and the second sample
injection chamber 42 are both provided with injection ports. Specifically, the first
sample injection chamber through hole 221 is located directly above the first sample
injection chamber 41, and the second sample injection chamber through hole 222 is
located directly above the second sample injection chamber 42. The reaction sample to
be detected can be injected into each sample injection chamber through each sample
injection chamber through hole.

[051] The volume of the first sample injection chamber 41 is fixed and can be set to
100~200 pL, while the sample injection volume is 5~20 pL. The first sample injection
chamber 41 is preset with a diluent, and is connected to the quantitative mixing chamber
8 through a microfluidic channel, and the quantitative mixing chamber 8 is farther from
the center of the chip body 2 than the first sample injection chamber 41. Therefore,
when the chip body 2 is driven to rotate by centrifugation, the mixed sample and diluent
in the first sample injection chamber 41 will flow toward the quantitative mixing
chamber 8 due to centrifugal action. Specifically, it flows toward the quantitative
mixing chamber 8 through bottom port of the first sample injection chamber 41, then
through a first reverse flow channel 271, and then through a first microfluidic channel
211. The inlet of the first reverse flow channel 271 is located at the bottom of the side
of the first sample injection chamber 41 close to the quantitative mixing chamber 8, the
outlet of the first microfluidic channel 211 is located on the side of the quantitative
mixing chamber 8 close to the center of the chip body 2, and the first reverse flow

channel 271 is connected with the first microfluidic channel 211 through a vertical flow
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channel. The first reverse flow channel 271 is provided with a sealing film 20 to prevent
the sample from flowing out. The sample is added into the first sample injection
chamber 41 and mixed with the diluent initially; then the mixture of the sample and the
diluent is further mixed during the flow into the quantitative mixing chamber 8. There
is no need to perform reciprocating motion in the quantitative mixing chamber 8 for
mixing, thereby avoiding the risk of the mixed liquid entering the microfluidic channel
leading to the reaction chamber during the mixing process. The mixture of the sample
and the diluent is fully mixed in the quantitative mixing chamber 8 to form a blood cell
suspension for detection.

[052] The volume of the second sample injection chamber 42 is fixed and can be set
to 250~350 pL, while the sample injection volume is 100~200 puL. The second sample
injection chamber 42 is connected to the quantitative separation chamber through a
microfluidic channel. Preferably, the quantitative separation chamber includes a
separation chamber I 9 and a separation chamber II 12, and the separation chamber II
12 and the separation chamber I 9 are sequentially farther from the center of the chip
body 2 than the second sample injection chamber 42. Two ends of the separation
chamber | 9 are respectively connected with the second sample injection chamber 42
and the separation chamber II 12 through a microfluidic channel. The microfluidic
channel connected between the separation chamber I 9 and the separation chamber II
12 is relatively narrow, and the function is that when the plasma enters the reaction
chamber after stratification, it can ensure that the plasma enters the reaction chamber,
and blood cells will not enter the reaction chamber and cause interference to the
detection results. The separation chamber II 12 is connected to the sample overflow
chamber 11 through microfluidic channel on the other side, and the sample overflow
chamber 11 is located on the side of the quantitative separation chamber close to the
forward typing blood type identification area. Therefore, when the chip body 2 is driven
to rotate by centrifugation, the sample in the second sample injection chamber 42 will
flow through bottom port of the second sample injection chamber 42 and a second
reverse flow channel 272 toward the separation chamber I 9 due to centrifugal action.

The inlet of the second reverse flow channel 272 is located at the bottom of the second
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sample injection chamber 42 near the quantitative separation chamber, and the outlet of
the second reverse flow channel 272 is located on the side of the separation chamber I
9 away from the center of the chip body 2. The second reverse flow channel 272 is
provided with a sealing film 20 to prevent the sample from flowing out. The sample
exceeding the capacity of the separation chamber I 9 enters the separation chamber II
12 and the sample overflow chamber 11 successively. In the quantitative separation
chamber, blood cells and plasma are stratified, the lower layer of blood cells is deposited,
and the upper layer of plasma is used for detection.

[053] The reaction chamber is located inside the outer edge of the chip body 2,
including a forward typing reaction chamber and a reverse typing reaction chamber,
and the volume of the reaction chambers is 20~40 pL. The forward typing reaction
chamber includes a plurality of equidistantly and evenly distributed blood type antibody
reagent reaction cavities 14, a forward typing quality control reaction cavity 16 and an
overflow tank 18 located at the end of flow channel. Each blood type antibody reagent
reaction cavity 14 and the forward typing quality control reaction cavity 16 are
respectively provided with a blood type antibody reagent required for reaction and a
quality control blood type antibody reagent. The reverse typing reaction chamber
includes a plurality of equidistantly and evenly distributed blood type red blood cell
reagent reaction cavities 15, a reverse typing quality control reaction cavity 17 and an
overflow tank 18 located at the end of flow channel. Each blood type red blood cell
reagent reaction cavity 15 and the reverse typing quality control reaction cavity 17 are
respectively provided with a blood type red blood cell reagent required for reaction and
a quality control blood type red blood cell reagent.

[054] The quantitative mixing chamber 8 in the forward typing blood type
identification area is connected to the forward typing reaction chamber through a
second microfluidic channel 212 and a third microfluidic channel 213 successively. The
quantitative separation chamber in the reverse typing blood type identification area is
connected to the reverse typing reaction chamber through a fourth microfluidic channel
214 and a fifth microfluidic channel 215. The inlet of the fourth microfluidic channel

214 1s located on the upper surface of microfluidic channel between separation chamber
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I 9 and separation chamber II 12 on the side close to the reverse typing blood type
identification area. The flow channel height of the fourth microfluidic channel 214 is
1/5-1/2, preferably 1/5-1/3 of that of the microfluidic channel between the separation
chamber [ 9 and the separation chamber II 12, which further ensures that after the blood
sample is stratified in the quantitative separation chamber, it is plasma that enters the
reaction chamber, and blood cells will not enter the reaction chamber to affect the
detection results. The blood cell suspension in the quantitative mixing chamber § and
the plasma in the quantitative separation chamber can respectively enter the
corresponding reaction cavities through microfluidic channels so as to react with the
reaction reagents therein for detection. The excess blood cell suspension and plasma
enter the corresponding overflow tanks 18 respectively. A single chip can
simultaneously complete the blood type detection of two different separation reaction
systems of forward and reverse typing, and the identification results of the two can be
mutually verified, making the blood type identification results more accurate. It is easy
to find and correct the wrong identification of blood type when the forward and reverse
typing blood type detection results are inconsistent.

[055] As shown in [FIG. 1] — [FIG. 5], the quantitative mixing chamber 8, the
forward typing reaction chamber and the reverse typing reaction chamber are
respectively communicated with the first vent hole 191 and the second vent hole 192
each through a microfluidic channel. The vent holes penetrate through the chip body 2
located at the lower layer of the chip, and the configuration of vent holes makes the
liquid flow in the chip more smoothly.

[056] The sample overflow chamber 11 is communicated with the first vent hole 191
through a microfluidic channel. The first vent hole 191 can simultaneously serve as the
vent hole of the forward typing blood type identification area and the reverse typing
blood type identification area, which simplifies the chip structure and makes the flow
of sample in the chip more smoothly.

[057] The microfluidic channel between the first sample injection chamber 41 and
the quantitative mixing chamber 8, the microfluidic channel between the quantitative

mixing chamber 8 and the forward typing reaction chamber, and the microfluidic
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channel between the quantitative separation chamber and the reverse typing reaction
chamber can be pre-filled with a solid phase change material, preferably a single-
component alkane solid phase change material. As shown in [FIG. 2], the filling of the
solid phase change material can make the microfluidic channel between the first sample
injection chamber 41 and the quantitative mixing chamber 8, the microfluidic channel
between the quantitative mixing chamber 8 and the forward typing reaction chamber,
and the microfluidic channel between the quantitative separation chamber and the
reverse typing reaction chamber, always in a closed state when the chip is not in use, to
encapsulate and protect the liquid reagents in the chip body 2. During the reaction, by
adjusting the temperature in instrument detection chamber to reach a suitable range, the
phase change material pre-filled in the microfluidic channel undergoes a phase change
due to the temperature change in instrument detection chamber. Specifically, it changes
from solid state to liquid state, so that the flow of liquid reagents in the chip can be
realized. The phase change material that becomes liquid during the reaction enters the
chamber. When the liquid reagent or sample enters, the phase change material will
return to the microfluidic channel due to its small specific gravity. It stratifies with the
lower liquid, and especially acts as an oil seal for the reaction chamber, thereby avoiding
the volatilization of the reaction liquid in the reaction chamber to form bubbles and
further affect the accuracy of the detection results. In addition, due to the oil seal of the
phase change material, the reaction waste liquid in the chip will not leak after detection,
which effectively reduces the risk of biological safety. More importantly, the use of
phase change material encapsulation can well maintain the integrity of the blood cell
reagent in the reverse typing reaction chamber, which solves the problem that the blood
cell is easily broken when the blood type red blood cell reagent is lyophilized or dried.
[058] The microfluidic blood type detection chip of the present invention further
comprises a phase change material filling port, including the first phase change material
filling port 13, the second phase change material filling port and the third phase change
material filling port, which are connected to the quantitative mixing chamber 8, the
forward typing reaction chamber and the reverse typing reaction chamber respectively

through microfluidic channel. Preferably, The phase change material filling port can be
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a vent hole, and the aforementioned first vent hole 191 and second vent hole 192 can
also be used as the second phase change material filling port and the third phase change

material filling port. During chip production, after the upper sealing film is sealed to

the chip body 2, the single-component alkane liquid phase change material is injected
from the back of the chip body 2 through the first phase change material filling port 13,

the second phase change material filling port and the third phase change material filling
port. Due to the capillary force, the phase change material enters the flow channel to be
sealed, so that the microfluidic channel between the first sample injection chamber 41

and the quantitative mixing chamber 8, the third microfluidic channel 213 between the

quantitative mixing chamber 8 and the forward typing reaction chamber, and the fifth
microfluidic channel 215 between the quantitative separation chamber and the reverse
typing reaction chamber, are all pre-filled with a single-component alkane solid phase
change material.

[059] The microfluidic blood type detection chip of the present invention may further
comprise a hematocrit detection tube groove 10, which is located on the microfluidic
channel between the quantitative separation chamber and the sample overflow chamber
11 in the reverse typing blood type identification area. It is a radial straight tube groove,

and the marking scale on the surface of the tube groove is divided into 10 equal intervals,
and each segment is further subdivided. Specifically, the effect of standard centrifugal

force on overflowing blood can be used to directly detect hematocrit, and then manually
interpret the hematocrit percentage, thereby providing an important basis for blood
matching and supply (reference range of normal hematocrit value: female: 37% to 48%;

male: 40% to 50%).

[060] The microfluidic blood type detection chip of the present invention may further
comprise anti-interference grooves 5 located between the reaction cavities. The anti-
interference grooves 5 are used to prevent the light interference of two adjacent reaction
cavities during the microscopic camera detection, which can affect the accuracy of the

detection results. There is a positioning structure 6 inside each anti-interference groove
5, and the positioning structure 6 is a triangular column structure inside the anti-

interference groove, which plays the role of detection and positioning during detection
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in the matching detection instrument.

[061] Preferably, as shown in [FIG. 1], the microfluidic blood type detection chip in
the present invention may further comprise an opaque film 3, which is covered on the
upper surface of the chip upper layer 1 and functions as an observation window. The
opaque film 3 is provided with a plurality of through holes, and the through holes are
arranged in order from near to far compared to the center of the opaque film 3: a sample
injection chamber window 23, a hematocrit detection tube groove window 24 and
reaction chamber windows 25. The sample injection chamber window 23 corresponds
to the upper-layer first sample injection chamber through hole 221 and the upper-layer
second sample injection chamber through hole 222 in the chip upper layer 1; the
hematocrit detection tube groove window 24 corresponds to the hematocrit detection
tube groove 10 on the chip body 2; and the reaction chamber windows 25 are in one-
to-one correspondence with the reaction cavities on the chip body 2. When detecting,
the staff can record the sample number and related information on the opaque film 3,
without the need to attach labels, which is convenient and practical.

[062] Inthe microfluidic blood type detection chip of the present invention, a diluent
can also be preset in the second sample injection chamber 42 of the reverse typing blood
type identification area, and the blood sample is diluted after being added, and then
enters the subsequent detection process.

[063] In the microfluidic blood type detection chip of the present invention, during
chip production, the addition of the phase change material can also be carried out in the
following ways. Before the transparent sealing film of the chip upper layer 1 is sealed
to the chip body 2, and after the sealing film 20 is sealed to the chip body 2, reverse
typing blood type identification area: the single-component alkane liquid phase change
material is injected through the outlet of the second reverse flow channel 272, and the
diluent is sealed in the second sample injection chamber 42 along the second reverse
flow channel 272; chip reaction chamber: the blood type antibody reagent reaction
cavities 14, the blood type red blood cell reagent reaction cavities 15, the forward typing
quality control reaction cavity 16, and the reverse typing quality control reaction cavity

17, before the transparent sealing film of the chip upper layer 1 is sealed to the chip
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body 2, and after adding the reaction reagent to the reaction chamber, the single-
component alkane liquid phase change material is directly added, and the change in
temperature changes the phase change material from liquid to solid, sealing the
microfluidic channel into the reaction chamber; forward typing blood type
identification area: the single-component alkane liquid phase change material is
injected through the vertical liquid inlet channel of the first microfluidic channel 211,
and the diluent is sealed in the first sample injection chamber 41 along the first reverse
flow channel 271.

[064] The specific steps of using the microfluidic blood type detection chip of the
present invention are as follows. A whole blood sample enters the first sample injection
chamber 41 and the second sample injection chamber 42 through the upper-layer first
sample injection hole 221 and the upper-layer second sample injection hole 222,
respectively. The chip of the present invention is placed in a matching detection
instrument, and according to detection requirements, the instrument is made to operate
according to the set program. Forward typing blood type identification area: The phase
change material pre-filled in the microfluidic channel between the first sample injection
chamber 41 and the quantitative mixing chamber 8 changes from solid to liquid due to
the temperature change in instrument detection chamber. Under centrifugation, the
mixed sample and liquid diluent in the first sample injection chamber 41 flow out, and
flow into the quantitative mixing chamber 8 through microfluidic channel. The mixture
of the sample to be detected and the diluent is fully mixed in the flow process and in
the quantitative mixing chamber 8 to form a blood cell suspension. The phase change
material pre-filled in the third microfluidic channel 213 also changes from solid to
liquid due to the temperature change in instrument detection chamber. Under
centrifugation, the blood cell suspension in the quantitative mixing chamber 8 enters
the forward typing reaction chamber through the second microfluidic channel 212 and
the third microfluidic channel 213 successively; mixes with each anti-A antibody
reagent, anti-B antibody reagent, and anti-D antibody reagent in blood type antibody
reagent reaction cavities 14, as well as the quality control antibody reagent that does

not contain anti-A, anti-B, and anti-D in the forward typing quality control reaction

17



cavity 16, respectively, and reacts sufficiently; and the excess blood cell suspension
flows into the overflow tank 18.

[065] Reverse typing blood type identification area: during the reaction process of
the sample entering the reaction chamber in the forward typing blood type identification
area, under centrifugation, the sample in the second sample injection chamber 42 flows
into the separation chamber I 9, the separation chamber II 12, and the hematocrit
detection tube groove 10 successively through microfluidic channels, and the excess
sample flows into the sample overflow chamber 11. Then, under the action of high-
speed centrifugation, the blood cells and plasma are stratified in the separation chamber
I 9 and the separation chamber II 12, the blood cells are deposited in the lower layer,
and the upper layer is plasma. The phase change material pre-filled in the fifth
microfluidic channel 215 changes from solid to liquid due to the temperature change in
instrument detection chamber. Under centrifugation, the upper plasma in the
quantitative separation chamber enters the reverse typing reaction chamber through the
fourth microfluidic channel 214 and the fifth microfluidic channel 215 successively;
mixes with each type A red blood cell reagent and type B red blood cell reagent in the
blood type red blood cell reagent reaction cavities 15, as well as quality control red
blood cell reagent (usually type O red blood cell reagent) that does not contain A and B
blood type red blood cells in the reverse typing quality control reaction cavity 17,
respectively, and reacts sufficiently; and the excess plasma flows into the overflow tank
18.

[066]  After the reactions in the forward typing blood type identification area and the
reverse typing blood type identification area are completed, a microscopic camera is
used to photograph, and the blood type identification results are automatically analyzed
and displayed. It can also be combined with manual image review to judge the results.
The data can also be automatically transmitted to company platform, and platform
experts can review the judgment results. The results of blood type identification are

shown in [Table 1] below:
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Forward typing blood type identification Reverse typing blood type
area identification area
lit Blood type
. . . Quality Quality identificati
Anti-A | Anti-B | Anti-D control Type A | Type B | control | ldentilication
antibody | antibody | antibody antibod RBC RBC | (type O) result
reagent | reagent | reagent Y reagent | reagent RBC
reagent
reagent
+ - + - - + - Type A Rh(D)+
- + + - + - - Type B
Rh(D)+
Type AB
- - - - - - -
Rh(D)+
i i 4 i + + i Type O
Rh(D)+
+ - - - - + - Type A Rh(D)-
) + ) i + i i Type B
Rh(D)-
Type AB
+ + - - - - -
Rh(D)-
i i i i + + i Type O
Rh(D)-

[067] In another embodiment of the present invention, as shown in [FIG. 6] — [FIG.

10], it is a forward typing combined detection chip for ABO blood type and Rh blood
type system. The quantitative mixing chamber 8 is connected to the third vent hole 193
through another microfluidic channel, and the configuration of the vent hole makes the
liquid flow in the chip more smoothly. The chip is especially suitable for blood type
identification of newborns. This is due to the lack of the newborn' own blood type
antigen sites; and the low antibody titer. It is generally believed that there are basically
no blood type antibodies within three months, and the detectable antibodies in the serum
are often IgG blood type antibodies from the mother, which will lead to false positive
results in the identification of neonatal reverse typing blood type. Therefore, the use of
reverse typing to detect antibodies in serum of newborns is of little significance, and
generally only forward typing blood type identification is done.

[068] Specific steps are as follows. The whole blood sample enters the first sample
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injection chamber 41 through the upper-layer first sample injection chamber through
hole 221. The chip of the present invention is placed in a detection instrument, and
according to detection requirements, the instrument is made to operate according to the
set program. The phase change material pre-filled in the microfluidic channel between
the first sample injection chamber 41 and the quantitative mixing chamber 8 changes
from solid to liquid due to the temperature change in instrument detection chamber.
Under centrifugation, the mixed sample and liquid diluent in the first sample injection
chamber 41 flow out, and flow into the quantitative mixing chamber 8 through
microfluidic channel. The sample and the diluent are fully mixed in the flow process
and in the quantitative mixing chamber 8 to form a blood cell suspension. The phase
change material pre-filled in the third microfluidic channel 213 also changes from solid
to liquid due to the temperature change in instrument detection chamber. Under
centrifugation, the blood cell suspension in the quantitative mixing chamber 8 enters
the forward typing reaction chamber through the second microfluidic channel 212 and
the third microfluidic channel 213 successively; mixes with each anti-A antibody
reagent, anti-B antibody reagent, anti-D antibody reagent, anti-C antibody reagent, anti-
¢ antibody reagent, anti-E antibody reagent, and anti-e antibody reagent in blood type
antibody reagent reaction cavities 14, as well as the quality control blood type antibody
reagent that does not contain above blood type antibodies in the forward typing quality
control reaction cavity 16, respectively, and reacts sufficiently; and the excess blood
cell suspension flows into the overflow tank 18. A microscopic camera is used to
photograph, and the blood type identification results are automatically analyzed and
displayed. It can also be combined with manual image review to judge the results. The
data can also be automatically transmitted to company platform, and platform experts
can review the judgment results.

[069] In yet another embodiment of the present invention, as shown in [FIG. 11] —
[FIG. 15], two groups of ABO forward typing blood type identification areas can be set
on the chip body 2 at the same time, that is, a double ABO forward typing blood type
detection chip can be formed, which can detect two different samples at the same time.

In addition, three chip bodies 2 can be assembled into a circular detection chip, which
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can detect six different samples at the same time, thereby increasing the throughput of
the detection samples.

[070] Specific steps are as follows. The whole blood sample enters the first sample
injection chamber 41 through the upper-layer first sample injection chamber through
hole 221. The chip of the present invention is placed in a detection instrument, and
according to detection requirements, the instrument is made to operate according to the
set program. The phase change material pre-filled in the microfluidic channel between
the first sample injection chamber 41 and the quantitative mixing chamber 8 changes
from solid to liquid due to the temperature change in instrument detection chamber.
Under centrifugation, the mixed sample and liquid diluent in the first sample injection
chamber 41 flow out, and flow into the quantitative mixing chamber 8 through
microfluidic channel. The sample and the diluent are fully mixed in the flow process
and in the quantitative mixing chamber 8 to form a blood cell suspension. The phase
change material pre-filled in the third microfluidic channel 213 also changes from solid
to liquid due to the temperature change in instrument detection chamber. Under
centrifugation, the blood cell suspension in the quantitative mixing chamber 8 enters
the forward typing reaction chamber through the second microfluidic channel 212 and
the third microfluidic channel 213 successively; mixes with each anti-A antibody
reagent, anti-B antibody reagent, and anti-D antibody reagent in blood type antibody
reagent reaction cavities 14, as well as the quality control blood type antibody reagent
that does not contain anti-A, anti-B, and anti-D in the forward typing quality control
reaction cavity 16, respectively, and reacts sufficiently; and the excess blood cell
suspension flows into the overflow tank 18. A microscopic camera is used to
photograph, and the blood type identification results are automatically analyzed and
displayed. It can also be combined with manual image review to judge the results. The
data can also be automatically transmitted to company platform, and platform experts
can review the judgment results.

[071] The volume of the first sample injection chamber 41 in the forward typing
blood type identification area of the microfluidic blood type detection chip of the

present invention is 100-200 pL, the sample injection volume is 5-20 pL, and the blood
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collection volume is small. Therefore, the problem of applicability for people who have
difficulty in blood collection, especially for newborns, can be well solved.

[072] The above descriptions are only preferred embodiments of the present
invention, and are not intended to limit the present invention. Those skilled in the art
can make various changes, modifications, substitutions and alterations to these
embodiments without departing from the principles and spirit of the present invention.

The scope of the invention is defined by the claims and their equivalents.
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What is claimed is:

[Claim 1]. A microfluidic blood type detection chip, wherein the chip comprises
a chip body, and the chip body comprises: a forward typing blood type identification
area, which is provided with a first sample injection chamber, a quantitative mixing
chamber, and a forward typing reaction chamber;

a reverse typing blood type identification area, which is provided with a second
sample injection chamber, a quantitative separation chamber, and a reverse typing
reaction chamber;

vent holes communicated with the forward typing reaction chamber and the
reverse typing reaction chamber respectively;

the first sample injection chamber and the second sample injection chamber are
used for injecting a sample to be detected, and are respectively connected with the
quantitative mixing chamber and the quantitative separation chamber through a
microfluidic channel, the reaction sample enters the quantitative mixing chamber and
the quantitative separation chamber respectively from the first sample injection
chamber and the second sample injection chamber;

a diluent is preset in the first sample injection chamber, the diluent enters the
quantitative mixing chamber from the first sample injection chamber;

after the reaction sample and the diluent in the first sample injection chamber are
mixed in the quantitative mixing chamber, the blood cell sample enters the forward
typing reaction chamber through a microfluidic channel to react with reaction reagent
therein for detection;

the plasma sample separated from the quantitative separation chamber enters the
reverse typing reaction chamber through a microfluidic channel to react with reaction
reagent therein for detection.

[Claim 2]. The microfluidic blood type detection chip according to claim 1,
wherein the forward typing reaction chamber includes a plurality of blood type antibody
reagent reaction cavities, a forward typing quality control reaction cavity and an

overflow tank;
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the reverse typing reaction chamber includes a plurality of blood type red blood
cell reagent reaction cavities, a reverse typing quality control reaction cavity and an
overflow tank.

[Claim 3]. The microfluidic blood type detection chip according to claim 2,
wherein the plurality of blood type antibody reagent reaction cavities and the plurality
of blood type red blood cell reagent reaction cavities are respectively equidistantly
distributed.

[Claim 4]. The microfluidic blood type detection chip according to claim 1,
wherein a diluent is preset in the second sample injection chamber, the diluent enters
the quantitative separation chamber from the second sample injection chamber.

[Claim 5]. The microfluidic blood type detection chip according to claim 1,
wherein the reverse typing blood type identification area further comprises a sample
overflow chamber, which is connected with the quantitative separation chamber, and
the reaction sample exceeding the quantitative separation chamber enters the sample
overflow chamber.

[Claim 6]. The microfluidic blood type detection chip according to claim 5,
wherein the quantitative separation chamber includes a separation chamber I and a
separation chamber II, the sample overflow chamber and the separation chamber I are
respectively connected to the separation chamber II through different microfluidic
channels, the reaction sample exceeding the separation chamber I enters the separation
chamber II and the sample overflow chamber successively.

[Claim 7]. The microfluidic blood type detection chip according to claim 5,
wherein the sample overflow chamber is connected with the vent hole that is
communicated with the forward typing reaction chamber.

[Claim 8]. The microfluidic blood type detection chip according to claim 1,
wherein the microfluidic channel between the first sample injection chamber and the
quantitative mixing chamber, the microfluidic channel between the quantitative mixing
chamber and the forward typing reaction chamber, and the microfluidic channel

between the quantitative separation chamber and the reverse typing reaction chamber
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are pre-filled with a solid phase change material.

[Claim 9]. The microfluidic blood type detection chip according to claim 8§,
wherein the phase change material is a single-component alkane solid phase change
material.

[Claim 10]. The microfluidic blood type detection chip according to claim 8,
wherein the chip further comprises a phase change material filling port.

[Claim 11]. The microfluidic blood type detection chip according to claim 10,
wherein the phase change material filling port is a vent hole.

[Claim 12]. The microfluidic blood type detection chip according to claim 1,
wherein the chip further comprises a hematocrit detection tube groove, which is
connected to the quantitative separation chamber and is located on the side of the
quantitative separation chamber close to the forward typing blood type identification
area.

[Claim 13]. The microfluidic blood type detection chip according to claim 1,
wherein the volumes of the forward typing reaction chamber and the reverse typing
reaction chamber are both 20-40 pL.

[Claim 14]. The microfluidic blood type detection chip according to claim 1,
wherein the volume of the first sample injection chamber is 100-200 pL.

[Claim 15]. The microfluidic blood type detection chip according to claim 1,

wherein the volume of the second sample injection chamber 1s 250-350 pL.
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