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maximally effective, technologies that enable measurement of any and all needed analytes (of whatever types) 

using a small blood sample (blood drop obtained by finger-stick) or other suitable sample are particularly 

valuable.  Such technology will ideally be operable by non-technically trained users in distributed test settings, 

e.g., homes, clinics, doctor’s offices, pharmacies, and retail shops.  The present invention addresses these issues 

and allows for one to be able to make such measurements routinely in patient’s home or other non-laboratory 

setting. 

[0009] There also exists the need to make the greatest use of available samples, particularly in the instance 

where samples (e.g., blood samples) are limited by sample size.  Blood samples are used for the great majority 

of medical/clinical tests.  Blood cells have to be separated from plasma (or serum) prior to most types of 

analysis since the presence of cells would compromise the assay chemistries.  For example, glucose and 

cholesterol are often measured by color-forming chemistries which would be interfered with by the presence of 

formed elements, especially red cells, or hemoglobin (from lysed red cells). 

[0010] Distributed test systems ideally require a small blood sample obtained by fingerstick methods.  

Such samples may be as small as 20 microliters (uL) (one drop) or less.  Larger volume samples (say up to 200 

uL) usually cannot be taken by fingerstick methods without repeated, inconvenient (“milking”) of fingers.  

Alternatively venous samples of several milliliters (mL) can be taken but this requires a medically trained 

phlebotomist. 

[0011] It is usually very difficult to perform more than a single assay using small blood sample with 20 

uL or less.  This is especially so when the blood sample has to be filtered to remove cells and the recovery of 

usable plasma from such small volumes is inefficient.  Typically only about 5 uL or less of plasma can be 

recovered.  Samples as large as 200 uL can be efficiently separated by automated POC systems (Abaxis, Biosite 

etc.) but this cannot be done routinely unless a technician is available to draw the sample.  

SUMMARY 

[0012] In view of the limitations of current methods, there is a pressing need for improved methods of 

automatically separating plasma and/or other materials from blood cells.  There is also a need for improved 

accuracy of these measurements on analyte concentration.  In measurements of biomarkers and other 

components of blood for the purposes of monitoring therapy and diagnosis, it is important that the correct 

volume of sample be used.  In a laboratory setting, this is achieved by utilizing complex automated instruments 

and skilled professional staff members.  In contrast in “point-of-care” settings such as homes, retail pharmacies 

and shops, and the like, the methods and equipment used must enable non-technically trained people reliably to 

obtain and process samples.   

[0012a] In one aspect, the present disclosure refers to a method of performing cytometry, comprising: 

receiving in a sample processing device a cartridge comprising a blood sample obtained from a subject; wherein 

the cartridge further comprises: at least two pipette tips; at least one assay unit; an extraction tip; a 

centrifugation vessel; a cytometry cuvette, wherein the cytometry cuvette comprises at least two channels, 

wherein each channel comprises at least one sample entry port; all reagents for performing cytometry, wherein 

the all reagents comprises at least two antibodies that bind to cell surface markers of white blood cells; and 

wherein the sample processing device comprises: a centrifuge; a fluid transfer device comprising a pipette, 

wherein the pipette comprises a plurality of pipette heads, wherein a first pipette head and a second pipette head 
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are configured to engage the cytometry cuvette and transport the cytometry cuvette from the cartridge to an 

imaging platform; wherein the first pipette head and the second pipette head are configured to engage with a 

first pipette tip and a second pipette tip when not engaged with the cytometry cuvette; the imaging platform 

configured to receive the cytometry cuvette, wherein the imaging platform comprises a light source, camera, and 

translation stage, wherein the translation stage is configured to move in the X, Y, and Z directions; and an 

imaging device for imaging hematocrit of the blood sample; engaging the first pipette head and the second 

pipette head of the pipette with the cytometry cuvette in the cartridge and transporting the cytometry cuvette 

from the cartridge to the imaging platform; disengaging the first pipette head and the second pipette head from 

the cytometry cuvette; engaging the first pipette head or the second pipette head of [[the]]a liquid handling 

system with a pipette tip and transferring the blood sample to the centrifugation vessel; centrifuging the blood 

sample in the centrifuge to obtain a plasma layer and a cell pellet; measuring hematocrit of the centrifuged blood 

sample by imaging with the imaging device; engaging the fluid transfer device with the at least one extraction 

tip and aspirating the plasma from the centrifuged blood sample; resuspending the cell pellet and binding the at 

least two antibodies to the white blood cells in the cell pellet; isolating the white blood cells and transferring 

with the fluid transfer device the white blood cells to the sample entry port of a channel of the cytometry 

cuvette; and detecting the white blood cells with the camera of the imaging platform. 

[0012b] In another aspect, the present disclosure refers to a blood sample processing system comprising: a 

cartridge, wherein the cartridge comprises: at least two pipette tips; at least one assay unit; an extraction tip; a 

centrifugation vessel; a cytometry cuvette, wherein the cytometry cuvette comprises at least two channels, 

wherein each channel comprises at least one sample entry port; all reagents for performing cytometry, wherein 

the all reagents comprises at least two antibodies that bind to cell surface markers of white blood cells; and a 

sample processing device, wherein the sample processing device comprises: a fluid transfer device comprising a 

pipette, wherein the pipette comprises a plurality of pipette heads, wherein a first pipette head and a second 

pipette head are configured to engage the cytometry cuvette and transport the cytometry cuvette from the 

cartridge to an imaging platform, wherein the first pipette head and the second pipette head are configured to 

engage with a first pipette tip and a second pipette tip when not engaged with the cytometry cuvette, and 

wherein the first pipette head or the second pipette head is configured to transfer the blood sample to the 

centrifugation vessel after being engaged with the first pipette tip or the second pipette tip; a centrifuge 

configured to centrifuge the blood sample to obtain a plasma layer and a cell pellet; platform comprises a light 

source, camera, and translation stage, wherein the translation stage is configured to move in the X, Y, and Z 

directions; and an imaging device configured to measure hematocrit of the blood sample using an imaging 

process, and configured to detect white blood cells isolated from the cell pellet using the camera. 

[0012c] In another aspect, the present disclosure refers to a blood sample processing device comprising: a 

centrifuge configured to centrifuge the blood sample to obtain a plasma layer and a cell pellet; a fluid transfer 

device comprising a pipette, wherein the pipette comprises a plurality of pipette heads, wherein a first pipette 

head and a second pipette head are configured to engage a cytometry cuvette and transport the cytometry cuvette 

from a cartridge to an imaging platform, wherein the first pipette head and the second pipette head are 

configured to engage with a first pipette tip and a second pipette tip when not engaged with the cytometry 

cuvette, and wherein at least one of the first pipette head or the second pipette head is configured to transfer the 

blood sample to the centrifuge for the centrifuging after being engaged with the first pipette tip or the second 
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pipette tip; the imaging platform configured to receive the cytometry cuvette, wherein the imaging platform 

comprises a light source, camera, and translation stage, wherein the translation stage is configured to move in 

the X, Y, and Z directions; and an imaging device configured to measure hematocrit of the blood sample using 

an imaging process, and configured to detect white blood cells isolated from the cell pellet using the camera. 

[0013] The present disclosure addresses the aforementioned needs and provides related advantages. 

[0014] In some examples, the present disclosure relates to point-of-care and/or point-of-service devices.  

In some examples, the present disclosure relates to systems, devices, user interfaces, and methods for assaying 

samples using a point-of-care and/or point-of-service device.   

[0015] In one example, the devices and methods disclosed herein are designed to identify the sample type 

(blood versus plasma and etc.) to measure the volume of sample early enough in the assay procedure to ensure 

an appropriate sample is used is an intended assay.  In another example, the present disclosure also allows for 

one to be able to correct for significant volume errors that occur in performing an assay.
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[0016] In yet another example, this disclosure allows for simultaneous measurements on several analytes 

of different types with high accuracy. 

[0017] An example of the disclosure may be directed to an automated system for separating one or more 

components in a biological fluid.  The automated system may comprise a pipette tip or closed tube adapted to 

engage with an aspirator wherein said pipette tip or tube comprises two opposing ends, at least one of which is 

closed or sealable; and a centrifuge configured to receive said sealed pipette tip or closed tube to effect said 

separating of one or more components in a biological fluid.  In an example, the one or more components are 

selected from the group consisting of blood plasma, blood serum, blood cells, and particulates.  In another 

example, when the pipette tip is engaged with the aspirator to effect a draw of the biological fluid.  In another 

example, the pipette tip has an open end that forms an airtight seal with the aspirator.  In another example, the 

system further comprises an imaging device; and at least one other pipette tip dimensioned to allow dispensing 

of a liquid into the pipette tip or tube of (a) or to allow the aspiration of a liquid from the pipette tip or tube of 

(a).  In another example, the pipette tip or closed tube is oriented vertically when the centrifuge is at rest.  In 

another example, the pipette tip or closed tube is oriented horizontally when the centrifuge is spinning at a 

predetermined rotational velocity. 

[0018] Another example of the disclosure may be a method for isolating components in a sample 

comprising one or more of the following steps: loading a sample into a pipette tip or a tube comprising two 

opposing ends, at least one of which is sealable or sealed; sealing the pipette tip on the at least one end of the 

pipette tip; centrifuging the sealed pipette tip, thereby forming an interfacial region that separates the sample 

into a supernatant and a pellet; imaging the centrifuged pipette tip to determine the location of the interfacial 

region; and automatically aspirating the supernatant based on the location of the interfacial region.  In an 

example, the method further comprises determining the location of the supernatant by said imaging step and 

automatically aspirating the supernatant based on the location of the supernatant.  In another example, the 

determination occurs with the aid of a processor, and said processor provides instructions to an aspirating device 

which performs the automated aspiration step.  In another example, the imaging occurs by use of a camera that 

is configured to capture the image of the side profile of the pipette tip or the tube.  In another example, the 

supernatant includes one or more of the following: blood plasma or blood serum.  In another example, the pellet 

includes one or more of the following: blood cells or particulates. 

[0019] A computer-assisted method for characterizing an analyte suspected to be present in a sample may 

be provided in accordance with an additional example of the disclosure.  The computer-assisted method may 

comprise obtaining a digital image of the sample, wherein the digital image comprises at least a two-

dimensional array of pixels, and wherein each pixel comprises a plurality of intensity values, each of which 

corresponds to a distinct detection spectral region; correlating, with the aid of a programmable device, the 

obtained intensity values with a predetermined set of values that define a dynamic range of each detection 

spectral region; and predicting the presence and/or quantity of said analyte in the sample based on said 

correlating of the obtained intensity values with a predetermine set of values.  In an example, the plurality of 

intensity values comprise intensity values for red, green, and blue detection spectral regions.  In another 

example, the method further comprises selecting an illumination wavelength, and illuminating the sample with 

the selected illumination wavelength prior to and/or concurrently with obtaining the digital image.  In another 

example, the method further comprises, subsequent to obtaining the digital image, (a) selecting  
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another illumination wavelength; (b) illuminating the sample with the other selected illumination 

wavelength; (c) obtaining another digital image of the sample, wherein the digital image comprises at 

least a two-dimensional array of pixels, and wherein each pixel comprises a plurality of intensity 

values, each of which corresponds to a distinct detection spectral region; and (d) predicting the 

presence and/or quantity of said analyte in the sample based on the obtained intensity values from the 

digital image and said another digital image. 

[0020] Also, an example of the disclosure may be directed to a method of measuring an analyte 

concentration in a sample fluid comprising providing the sample contained in a container dimensioned with a 

plurality of distinct widths to permit transmission of light along a plurality of varying path lengths that 

correspond to the plurality of distinct widths; illuminating the container along at least one of the plurality of path 

lengths; and imaging the container to measure a first light intensity transmitted across said at least one of the 

plurality of path lengths, for the determination of the concentration of the analyte based on the measured first 

light intensity. 

[0021] In accordance with another example of the disclosure, a method of detecting the presence or 

concentration of an analyte in a sample fluid contained in a container (e.g., cuvette) may comprise illuminating 

the container along a first region having a first path length to yield a first measurement of light intensity 

transmitted across the first path length; moving the sample fluid to another region in the container having 

another path length if the first measurement falls outside a predetermined dynamic range of transmitted light 

intensity; illuminating the container along the another region to yield another measurement of light intensity 

transmitted across the another path length; and optionally repeating second and third steps until a measurement 

of light intensity falls within the predetermined dynamic range, thereby detecting the presence or concentration 

of the analyte.  In an example, the method further comprises deconvoluting a line scan of the image, thereby 

detecting the presence or concentration of an analyte.  In another example, the sample is moved from a first 

region of the container having a first path length to a second region of the container having another path length 

by aspirating the sample.  In another example, an end of the container is attached to a pipette which is 

configured to aspirate the sample.  In another example, the sample is moved up or down the length of the 

container.  In another example, the container is a pipette tip.  In another example, the container is conically 

shaped.  In another example, the container has two open ends.  In another example, a first open end has a greater 

diameter than a second open end.  In another example, the container has a plurality of distinct widths to permit 

transmission of light along a plurality of varying path lengths.  In another example, the container volume is less 

than 100 microliters.  In another example, a plurality of distinct path lengths are imaged simultaneously. 

[0022] A method may be provided as an additional example of the disclosure.  The method may be 

provided for characterizing an analyte suspected to be present in a sample of biological fluid, said method 

comprising: providing said sample of biological fluid; allowing said analyte to react with one or more reagents 

that specifically react with said analyte to generate an optically detectable signal; and measuring said optically 

detectable signal with a plurality of detection spectral regions, wherein the presence of said optically detectable 

signal within a dynamic range of at least one detection spectral region is indicative of the concentration of said 

analyte in said sample of biological fluid.  In an example, the measuring is performed by an imaging device 

configured to measure a plurality of detection spectral regions.  In another example, the imaging device is  
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configured to measure the plurality of detection spectral regions simultaneously.  In another example, 

the imaging device is configured to measure the plurality of detection spectral regions sequentially. 

[0023] An example of the disclosure provides a method for increasing the accuracy of an assay 

comprising imaging a sample in a first tip to determine the volume of the first sample; imaging one or more 

reagents in a second tip to determine the volume of the one or more reagents; mixing the sample and the one or 

more reagents to form a reaction mixture; imaging the reaction mixture; correcting a calibration based on said 

determined volumes of the sample and the one or more reagents; and calculating a concentration of an analyte 

using the corrected calibration.  In an example, the method further comprises imaging the reaction mixture to 

determine the volume of the reaction mixture.  In another example, the imaging of the sample in the first tip is 

conducted using a camera configured to capture a side profile of the first tip.  In another example, imaging of 

the one or more reagents in the second tip is conducted using a camera configured to capture a side profile of the 

second tip.  In another example, the height of the sample and the one or more reagents is calculated based on the 

captured profiles.  In another example, determining the volume is based on the height of the sample and the one 

or more reagents and the known cross-sectional areas of the sample and the one or more reagents respectively.  

In another example, the calibration is also based on the determined volume of the reaction mixture. 

[0024] Another example of the disclosure provides a setup, comprising: a vessel configured to accept and 

confine a sample, wherein the vessel comprises an interior surface, an exterior surface, an open end, and an 

opposing closed end; and a tip configured to extend into the vessel through the open end, wherein the tip 

comprises a first open end and second open end, wherein the second open end is inserted into the vessel, 

wherein the vessel or the tip further comprises a protruding surface feature that prevents the second open end of 

the tip from contacting the bottom of the  interior surface of the closed end of the vessel.  In an example, the 

surface feature is integrally formed on the bottom interior surface of the vessel.  In another example, the surface 

feature comprises a plurality of bumps on the bottom interior surface of the vessel.  In another example, the 

protruding surface feature is at or near the closed end. 

[0025] Another example of the disclosure provides a sample processing apparatus comprising a sample 

preparation station, assay station, and/or detection station; a control unit having computer-executable commands 

for performing a point-of-service service at a designated location with the aid of at least one of said sample 

preparation station, assay station and detection station; and at least one centrifuge configured to perform 

centrifugation of a sample from a fingerstick.  In an example, the centrifuge is contained within the sample 

preparation station and/or the assay station.  In another example, the computer-executable commands are 

configured to perform the point-of-service service at a site selected from the group consisting of a retailer site, 

the subject’s home, or a health assessment/treatment location.   

[0026] Another example of the disclosure provides a method for dynamic feedback, said method 

comprising: taking an initial measurement of a sample within a container using a detection mechanism; based on 

said initial measurement, determining, using a processor, whether the sample concentration falls into a desired 

range, and determining, using a processor, (a) a degree of dilution to be performed if the sample concentration is 

higher than the desired range or (b) a degree of concentration to be performed if the sample concentration is 

lower than the desired range; and adjusting the sample concentration according to the determined degree of 

dilution or the determined degree of concentration.  In an example, the method further comprises taking a 

subsequent  
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measurement of the sample within the container.  In another example, the method further comprises, 

based on the subsequent measurement determining, using a processor, whether the sample 

concentration falls into a desired range.  In another example, the subsequent measurement is made 

using the detection mechanism.  In another example, the method further comprises determining a 

characteristic of the sample based on the subsequent measurement.  In another example, the 

characteristic is selected from one or more of the following: the presence or concentration of an 

analyte, the presence or concentration of a cell, and the morphology of the cell.  In another example, 

the subsequent measurement is made using a separate detection mechanism from the initial detection 

mechanism.  In another example, the initial measurement provides a crude cell concentration 

measurement of the sample.  In another example, the subsequent measurement provides a 

measurement of cell concentration of the sample of greater resolution than the initial measurement.  In 

another example, the initial measurement is taken by imaging the sample.  In another example, the 

adjusting of the sample concentration permits detection of analyte that would otherwise fall outside 

the desired range. 

[0027] Another example of the disclosure provides a method for providing quality control, said method 

comprising capturing an image of conditions under which a detection mechanism measures a characteristic of a 

sample; and determining, using a processor, based on the image whether there are undesirable conditions under 

which the detection mechanism is operated.  In an example, the undesirable conditions includes the presence of 

one or more undesirable materials.  In another example, the undesirable materials includes one or more of the 

following: bubbles, particles, fibers, debris, and precipitates that interfere with the measurement of the 

characteristic of the sample.  In another example, the detection mechanism is a different mechanism from a 

mechanism used to capture the image.  In another example, the image is captured using a camera.  In another 

example, the method further comprises providing an alert if an undesirable condition is detected.  In another 

example, the method further comprises adjusting the sample if an undesirable condition is detected.  In another 

example, the image includes an image of the sample.  In another example, the image includes an image of one or 

more of the following: the sample container or the detection mechanism. 

[0028] Another example of the disclosure is an automated system for separating one or more components 

in a biological fluid comprising a centrifuge comprising one or more bucket configured to receive a container to 

effect said separating of one or more components in a fluid sample; and the container, wherein the container 

includes one or more shaped feature that is complementary to a shaped feature of the bucket.  In an example, the 

shaped feature of the bucket includes one or more shelf upon which a protruding portion of the container is 

configured to rest.  In another example, the bucket is configured to be capable of accepting a plurality of 

containers having different configurations, and wherein the shaped feature of the bucket includes a plurality of 

shelves, wherein a first container having a first configuration is configured to rest upon a first shelf, and a 

second container having a second configuration is configured to rest upon a second shelf. 

[0029] Another example of the disclosure provides an assay unit comprising a first end and a second end; 

an outer surface; and an inner surface comprising one or more selected patterns each of which is immobilized 

thereon or therein with a capture reagent capable of capturing an analyte suspected to be present in a biological 

sample, wherein the first end and the second end are of different dimensions.   
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[0030] Another example of the disclosure provides an assay unit comprising an identifier that is used to 

determine (a) the one or more capture reagents immobilized on the inner surface; and (b) source of the 

biological sample if the assay unit contains said sample. 

[0031] Another example of the disclosure provides an assay unit comprising a plurality of selected 

patterns, each pattern of said plurality comprises a distinct capturing agent. 

[0032] Other goals and advantages of the invention will be further appreciated and understood when 

considered in conjunction with the following description and accompanying drawings.  While the following 

description may contain specific details describing particular embodiments of the invention, this should not be 

construed as limitations to the scope of the invention but rather as an exemplification of preferable 

embodiments.  For each aspect of the invention, many variations are possible as suggested herein that are known 

to those of ordinary skill in the art.  A variety of changes and modifications can be made within the scope of the 

invention without departing from the spirit thereof.  The various compounds/devices disclosed herein can be 

used separately or conjunctively in any combination, for any methods disclosed herein alone or in any 

combinations. 

INCORPORATION BY REFERENCE 

[0033] All publications, patents, and patent applications mentioned in this specification are herein 

incorporated by reference to the same extent as if each individual publication, patent, or patent application was 

specifically and individually indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The novel features of the invention are set forth with particularity in the appended claims.  A better 

understanding of the features and advantages of the present invention will be obtained by reference to the 

following detailed description that sets forth illustrative embodiments, in which the principles of the invention 

are utilized, and the accompanying drawing(s) of which: 

[0035] Figure 1 shows a side view of a centrifuge. 

[0036] Figure 2 shows a face on view of a centrifuge. 

[0037] Figure 3 shows a perspective view of the back of a centrifuge. 

[0038] Figure 4 shows a top view of a sample tip. 

[0039] Figure 5 shows a side view of a sample tip. 

[0040] Figure 6 shows a cross-sectional view of a sample tip. 

[0041] Figure 7 shows a diagram of a sample tip positioned in a sample above a plasma/packed cell 

interface. 

[0042] Figure 8 shows a graph of centrifugation time as a function of revolutions per minute. 

[0043] Figure 9 shows a graph of centrifugation time as a function of the radius of the centrifuge rotor. 

[0044] Figure 10 shows an empty capped sample tip. 

[0045] Figure 11 shows a capped sample tip containing a sample of a bodily fluid, e.g., blood. 

[0046] Figure 12 shows a capped sample tip containing a sample of about 23% hematocrit blood after 

centrifugation. 
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CLAIMS 

WHAT IS CLAIMED IS: 

 

1. A method of performing cytometry, comprising: 

receiving in a sample processing device a cartridge comprising a blood sample 

obtained from a subject; wherein the cartridge further comprises: 

at least two pipette tips; 

at least one assay unit; 

an extraction tip; 

a centrifugation vessel; 

a cytometry cuvette, wherein the cytometry cuvette comprises at least two 

channels, wherein each channel comprises at least one sample entry port; 

all reagents for performing cytometry, wherein the all reagents comprises 

at least two antibodies that bind to cell surface markers of white blood cells; 

and wherein the sample processing device comprises: 

a centrifuge; 

a fluid transfer device comprising a pipette, wherein the pipette 

comprises a plurality of pipette heads, wherein a first pipette head and a second 

pipette head are configured to engage the cytometry cuvette and transport the 

cytometry cuvette from the cartridge to an imaging platform; wherein the first pipette 

head and the second pipette head are configured to engage with a first pipette tip and a 

second pipette tip when not engaged with the cytometry cuvette; 

the imaging platform configured to receive the cytometry cuvette, 

wherein the imaging platform comprises a light source, camera, and translation stage, 

wherein the translation stage is configured to move in the X, Y, and Z directions; and 

an imaging device for imaging hematocrit of the blood sample; 
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engaging the first pipette head and the second pipette head of the pipette with the 

cytometry cuvette in the cartridge and transporting the cytometry cuvette from the 

cartridge to the imaging platform; 

disengaging the first pipette head and the second pipette head from the cytometry 

cuvette; 

engaging the first pipette head or the second pipette head of [[the]]a liquid 

handling system with a pipette tip and transferring the blood sample to the centrifugation 

vessel; 

centrifuging the blood sample in the centrifuge to obtain a plasma layer and a cell 

pellet; 

measuring hematocrit of the centrifuged blood sample by imaging with the 

imaging device; 

engaging the fluid transfer device with the at least one extraction tip and 

aspirating the plasma from the centrifuged blood sample; 

resuspending the cell pellet and binding the at least two antibodies to the white 

blood cells in the cell pellet; 

isolating the white blood cells and transferring with the fluid transfer device the 

white blood cells to the sample entry port of a channel of the cytometry cuvette; and 

detecting the white blood cells with the camera of the imaging platform. 

2. The method of claim 1, wherein the sample processing device further 

comprises a spectrometer. 

3. The method of claim 1, wherein the imaging platform utilizes an image-based 

algorithm to control the z-position to achieve auto-focusing. 
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4. The method of claim 1, wherein the blood sample comprises about 200 µl or 

less. 

5. The method of claim 1, wherein the blood sample is obtained by a fingerstick. 

6. The method of claim 1, wherein the imaging platform provides epi-

fluorescence illumination, darkfield illumination, and brightfield illumination. 

7. The method of claim 6, wherein the imaging platform further comprises a filter 

wheel. 

8. The method of claim 1, wherein each channel of the cytometry cuvette further 

comprises at least one air vent. 

9. The method of claim 1, wherein each channel of the cytometry cuvette is 10 to 

100µm deep, 0.5 to 2 mm wide, and 0.5 to 5 cm long. 

10. The method of claim 1, wherein the detection of the white blood cells 

comprises differentiating monocytes, lymphocytes, neutrophils, basophils, and 

eosinophils. 

11. A blood sample processing system comprising: 

a cartridge, wherein the cartridge comprises: 

at least two pipette tips; at least one assay unit; an extraction tip; 

a centrifugation vessel; 
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a cytometry cuvette, wherein the cytometry cuvette comprises at least 

two channels, wherein each channel comprises at least one sample entry port; 

all reagents for performing cytometry, wherein the all reagents 

comprises at least two antibodies that bind to cell surface markers of white blood 

cells; 

and a sample processing device, wherein the sample processing device 

comprises: 

a fluid transfer device comprising a pipette, wherein the pipette 

comprises a plurality of pipette heads, wherein a first pipette head and a second 

pipette head are configured to engage the cytometry cuvette and transport the 

cytometry cuvette from the cartridge to an imaging platform, wherein the first pipette 

head and the second pipette head are configured to engage with a first pipette tip and a 

second pipette tip when not engaged with the cytometry cuvette, and wherein the first 

pipette head or the second pipette head is configured to transfer the blood sample to 

the centrifugation vessel after being engaged with the first pipette tip or the second 

pipette tip; 

a centrifuge configured to centrifuge the blood sample to obtain a 

plasma layer and a cell pellet; 

platform comprises a light source, camera, and translation stage, 

wherein the translation stage is configured to move in the X, Y, and Z directions; and 

an imaging device configured to measure hematocrit of the blood 

sample using an imaging process, and configured to detect white blood cells isolated 

from the cell pellet using the camera. 

12. The system of claim 11, wherein the device further comprises a spectrometer. 
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13. The system of claim 11, wherein each channel of the cytometry cuvette further 

comprises at least one air vent. 

14. The system of claim 11, wherein each channel of the cytometry cuvette is 10 to 

100µm deep, 0.5 to 2 mm wide, and 0.5 to 5 cm long. 

15. The system of claim 11, wherein the imaging platform provides epi-

fluorescence illumination, darkfield illumination, and brightfield illumination. 

16. The system of claim 11, wherein the imaging platform further comprises a filter 

wheel. 

17. A blood sample processing device comprising: 

a centrifuge configured to centrifuge the blood sample to obtain a plasma layer 

and a cell pellet; 

a fluid transfer device comprising a pipette, wherein the pipette comprises a 

plurality of pipette heads, wherein a first pipette head and a second pipette head are 

configured to engage a cytometry cuvette and transport the cytometry cuvette from a 

cartridge to an imaging platform, wherein the first pipette head and the second pipette 

head are configured to engage with a first pipette tip and a second pipette tip when not 

engaged with the cytometry cuvette, and wherein at least one of the first pipette head 

or the second pipette head is configured to transfer the blood sample to the centrifuge 

for the centrifuging after being engaged with the first pipette tip or the second pipette 

tip; 
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the imaging platform configured to receive the cytometry cuvette, wherein the 

imaging platform comprises a light source, camera, and translation stage, wherein the 

translation stage is configured to move in the X, Y, and Z directions; and 

an imaging device configured to measure hematocrit of the blood sample 

using an imaging process, and configured to detect white blood cells isolated from the 

cell pellet using the camera. 

18. The device of claim 17, further comprising a spectrometer. 

19. The device of claim 17, wherein the imaging platform provides epi-

fluorescence illumination darkfield illumination and brightfield illumination. 

20. The device of claim 17, wherein the imaging platform further comprises a filter 

wheel. 
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