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BACKGROUND: Umbilical cord blood has become an
important source of hematopoietic stem and progenitor
cells for therapeutic applications. However, cord blood
banking (CBB) grapples with issues related to economic
viability, partially due to high discard rates of cord blood
units (CBUs) that lack sufficient total nucleated cells for
storage or therapeutic use. Currently, there are no
methods available to assess the likelihood of CBUs
meeting storage criteria noninvasively at the collection
site, which would improve CBB efficiency and economic
viability.
MATERIALS AND METHODS: To overcome this
limitation, we apply a novel label-free optical imaging
method, called quantitative oblique back-illumination
microscopy (qOBM), which yields tomographic phase
and absorption contrast to image blood inside collection
bags. An automated segmentation algorithm was
developed to count white blood cells and red blood cells
(RBCs) and assess hematocrit. Fifteen CBUs were
measured.
RESULTS: qOBM clearly differentiates between RBCs
and nucleated cells. The cell-counting analysis shows an
average error of 13% compared to hematology analysis,
with a near-perfect, one-to-one relationship
(slope = 0.94) and strong correlation coefficient
(r = 0.86). Preliminary results to assess hematocrit also
show excellent agreement with expected values.
Acquisition times to image a statistically significant
number of cells per CBU were approximately 1 minute.
CONCLUSION: qOBM exhibits robust performance for
quantifying blood inside collection bags. Because the
approach is automated and fast, it can potentially
quantify CBUs within minutes of collection, without
breaching the CBUs’ sterile environment. qOBM can
reduce costs in CBB by avoiding processing expenses of
CBUs that ultimately do not meet storage criteria.

O
ver the past 3 decades, umbilical cord blood
(UCB) has been used as an alternative source
of hematopoietic stem and progenitor cells
(HSPCs) for transplantation for patients lacking

a fully matched donor.1,2 HSPCs can also be extracted from
bone marrow and mobilized peripheral blood, but collec-
tion from these sources of HSPCs exposes donors to lengthy
procedures that carry risks of infection, bleeding, and local-
ized pain.3 Collection of UCB, on the other hand, poses no
risks to the mother or newborn child. In addition, the use
of UCB for therapy/transplants has a reduced likelihood of
transmitting infections, particularly cytomegalovirus, and
after being thoroughly tested and human leukocyte antigen
(HLA) typed, transplants can be stored in the frozen state,
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available for immediate use.4 Finally, partially HLA-
mismatched UCB from unrelated donors can be used for
transplantation with lower rates of graft-versus-host disease
than the other HSPC sources.3,5–7 These advantages have
led to an increased effort to research and bank UCB to make
treatments faster, more accessible, and more effective.2,8

With close to 5 million cord blood units (CBUs) stored in
public and private banks worldwide, cord blood banking
(CBB) plays an increasingly important role in stem cell
transplantation and other cellular therapeutics.1,3

Despite the aforementioned advantages, the cost of
procuring CBUs is over 10 times more than peripheral
blood and bone marrow, which makes it less accessible to
the end user and is causing a decrease in the use of UCB
for transplantation. The high cost of CBUs is due, in part, to
high discard rates of CBUs before cryopreservation.2,9

Indeed, 66% to 75% of collected CBUs fail to meet storage
criteria10,11 due to insufficient volumes,12 delayed arrival at
the processing site, and, more importantly, low total nucle-
ated cell counts,13,14 which correlate with poor success rates
of transplant engraftment.15

Thus, there is an unmet need to monitor the contents of
CBUs at the collection site (i.e., maternity unit) and assess the
units’ suitability for storage before undergoing further expen-
sive processing at the CBB.16 However, several unique
requirements must be met to satisfy this unmet need. First,
the procedure must be fast, easy to implement, and robust to
be conducted at the collection site. Second, the device must
be low cost and have a small footprint. Finally, the procedure
must be performed in such a way that the cord blood remains
under a sterile environment at all times to avoid the risk of
contamination. In other words, any monitoring procedure of
UCB must not breach the sterile conditions of the CBUs.

The final requirement is particularly onerous given that
existing procedures to monitor blood with flow cyto-
metry17,18 or a hematology analyzer,19 for example, require
extraction of a blood sample from the CBU, which breaches
sterility. These procedures also require extensive sample
preparation or instrument calibration. Recently, sophisti-
cated nonlinear imaging techniques have been proposed to
monitor blood contents noninvasively inside storage bags,20

but such methods require large and expensive systems and
highly trained individuals to operate them.

In this work, we present a proof of principle study with
a novel label-free optical imaging technique called quantita-
tive oblique back illumination microscopy (qOBM) to moni-
tor the contents of CBUs noninvasively. This novel imaging
approach is fast, easy to use, robust, low cost, compact, and
noninvasive, thus fulfilling all the unique requirements to
monitor CBUs at the collection site.

qOBM provides quantitative phase information, but,
unlike conventional phase imaging techniques, it can be
used in thick scattering environments, including CBUs.21,22

Traditional phase imaging technologies yield detailed
(quantitative) subcellular information without labels or dyes

by detecting light transmitted through a thin sample.23

qOBM extends these capabilities by using an elegant epi-
illumination scheme24 and fast reconstruction strategy,25

packaged into a simple inverted microscope configuration,
to achieve the same level of contrast as traditional phase
imaging but in thick structures tomographically.21,22 Data
from qOBM can also be processed to provide absorption-
based contrast.22,24

Recently, we have demonstrated the ability of a dual-
wavelength OBM system to image inside clear blood bags and
differentiate between red blood cells (RBCs) and white blood
cells (WBCs).22 Here, we extend this framework with added
quantitative capabilities21 to monitor the contents of CBUs
noninvasively (specifically, WBC and RBC counts and assess
hematocrit). Note that WBC counts and total nucleated cell
counts are often used interchangeably in the literature26,27

under the assumption that they have a similar predictive
value for engraftment, given that, on average, there are only
3.5 nucleated RBCs (nRBCs) per 100 WBCs in UBC, and
nRBCs are not used for therapy.28 The automated imaging
approach taken here simulates a procedure that can be
applied at the CBU collection site. Results from 15 CBUs show
excellent agreement with the complete blood count (CBC)
measurements determined by a commercial automated
hematology analyzer. This approach has the potential to sig-
nificantly reduce costs in CBB by avoiding expenses related to
processing CBUs that ultimately do not provide therapeutic
benefits or meet storage criteria for cord blood banks.

MATERIALS AND METHODS

qOBM system and image processing

The qOBM system consists of a conventional inverted
microscope geometry with epi-mode illumination emanat-
ing from four diametrically opposed light sources, delivered
through 1-mm plastic optical fibers (Fig. 1). The light
sources sequentially illuminate the sample. When light from
one of the sources is deployed into the thick scattering
medium (i.e., the blood bag), light scatters multiple times,
effectively producing a virtual light source within the sample
and with an oblique angle. Thus, the system is effectively a
transmission microscope in disguise (with four oblique light
sources). In our particular configuration, the fibers are tilted
by 45 degrees to increase the degree of obliquity, which
enhances the sensitivity of the system.29 Next, light is col-
lected by an inverted microscope, equipped with a 60×
microscope objective (S Plan ELWD, NA 0.7, Nikon), and
detected using an sCMOS camera (4.2LT, pco.edge).

To generate quantitative phase with qOBM, we first
produce differential phase contrast (DPC) images, which
are similar to those produced with differential interference
contrast (DIC) microscopy. This is achieved by subtracting
and normalizing images acquired from two diametrically
opposed sources, as described by Equation 125,30
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IDPC =
IR−IL
IR + IL

ð1Þ

where IR and IL are the two images obtained with one pair
of opposing sources, denoted right and left, respectively.
Note that because we have four sources, we produce two
DPC images, each with orthogonal shear angles to ensure
high-contrast information in every direction.25 Further, the
subtraction process in Equation 1 removes the out-of-focus
component, thus allowing tomographic sectioning.24 An
example DPC image is shown in Fig. 2C.

To recover quantitative phase information from the DPC
images, we use a fast deconvolution algorithm that accounts
for the angular distribution of light at the focal plane of the
microscope.21 Note that optical phase is a function of the
wavelength (λ), the refractive index change between the sam-
ple and the medium (Δn), and the thickness of the sample
(Δz), and are related as described by Equation 2:

Δϕ =
2π
λ
Δz �Δn ð2Þ

An example qOBM image is shown in Fig. 2D, which is
not only quantitative but also shows drastically enhanced
contrast of cellular and subcellular structures compared to
the DPC image.

In addition to the quantitative phase, we obtain absorp-
tion information at two distinct wavelengths. As shown in
Fig. 1, each diametrically opposed pair of light sources has a
different color: one pair is red (627 nm) and the other green
(530 nm) to get access to molecular information from hemo-
globin absorption, which strongly absorbs green light.31 This
identifies RBCs and nRBCs. The same captured images used
to recover quantitative phase are used to obtain absorption
information (i.e., transmission images). To do so, we simply
add the two opposing captures corresponding to the same
color:

Igreentx = IgreenR + IgreenL ð3Þ

Therefore, in addition to the structural information
obtained from the phase, we also use absorption information
for segmentation and classification of different cell types (see
the Automated segmentation procedure section for details).

Sample preparation and study design

For this proof-of-principle study, 15 cord blood collection bags
were obtained from the Carolinas Cord Blood Bank at the Duke
University Medical Center and imaged in the Optical Imaging
and Spectroscopy laboratory at the Georgia Institute of Tech-
nology. Only research CBUs that did not meet storage criteria
due to low collection volumes were used. Samples were
imagedwithin 48 hours of collection.

Once samples arrived at the Optical Imaging and Spec-
troscopy laboratory, 250 μL of blood was transferred from the
collection bags to a custom-made, clear bag (Instant Systems).
The samples were diluted in the clear bag in 1% phosphate-
buffered saline with a 1:100 (blood to phosphate-buffered
saline) ratio, and then imaged by the qOBM system. Note that
while the procedure used here does notmaintain a sterile envi-
ronment, future work will use an integrated bag design that
includes the collection bag and the additional clear bag for
imaging (with the diluent included), connected through sterile
tubing. CBUs are already preloaded with anticoagulant citrate
phosphate dextrose solution, and the same solution can be
preloaded into the clear bag to serve as the diluent. A small
amount of blood can be transferred to the clear bag in a con-
trolled fashion while ensuring that no contaminants enter the
integrated CBU. Aside from this difference in transferring the
blood to the clear bag, the procedure described in this work
could be usedwhilemaintaining sterility.

A CBC for each sample was obtained using an automated
hematology analyzer (XN-1000 R, Sysmex), which includes
flow cytometry with a semiconductor laser to perform the
WBC differential. These results were used as ground truth to
validate and compare our imaging and segmentation results.

Automated segmentation procedure

To enhance the accessibility of our system, we developed a
fully automated image acquisition and cell segmentation

Fig. 1. Schematic of the qOBM system. (A) The blood bag sample

is illuminated with four LED light sources (two red and two

green) deployed through fiber optics, which are tilted by

45 degrees. The light is then collected by the objective and is

then imaged by the camera. (B) Top view of the objective

surrounded by the fiber holder with the four illumination fibers.

[Color figure can be viewed at wileyonlinelibrary.com]
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procedure for counting WBCs and RBCs (see Fig. 3A). To
this end, we acquire 100 images of each sample at an imag-
ing plane corresponding to where the cells settle at the bot-
tom of the bag. A 10 × 10 grid of images is obtained
automatically by translating the sample in the x-y plane
using an automated motorized stage. Considering the field
of view of each image (230 × 230μm), we cover a total area
of approximately 2 × 2 mm on the sample in approximately
1 minute.

Although the motorized stage allows precise and stable
control over the position of the sample, small variations on
the desired imaging plane along the z-axis (due to wrinkles
on the bag or tilt) can cause the captures to be out of focus.
These out-of-focus images are discarded automatically
before additional processing by adding a quality assessment
step. Here, we define a metric for in-focus images based on
the sharpness of individual DPC images. These types of

images are chosen because they contain only information
along the shear direction (given by the position of the illu-
minating fibers). Thus, the Fourier space of in-focus DPC
images shows a unique bilobed structure that is less pro-
nounced or altogether absent for out-of-focus DPC images
(see Fig. 4). Hence, for the image quality assessment, we
extract the standard deviation of the angular average of the
Fourier transform from 0 to π radians. Higher standard devi-
ations indicate a more defined bilobed shape and, conse-
quently, a better image focus. This calculation is performed
as the first step of the segmentation process to reject any
images that do not meet our image quality criteria. Auto-
focusing could be included in future work.

The images that pass the quality check are then
processed with a four-step algorithm that first detects indi-
vidual cells and then differentiates RBCs from WBCs. False
positives and false negatives in the description of the

Fig. 2. Representative images of UCB inside clear collection bag obtained with a single qOBM capture sequence. (A, B) Transmission

images obtained with green (530 nm) and red (627 nm) light, respectively. Inset shows RBCs and a WBC in the center. (C) Differential

phase contrast at 630 nm. The DPC images obtained with green and red light have no noticeable difference other than the angle of

illumination. (D) Quantitative phase image. All scale bars are 25 μm and the magnification is 60X. [Color figure can be viewed at

wileyonlinelibrary.com]
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algorithm below, and in the results section, refer to cells
that are incorrectly classified at any particular step of the
automated algorithm compared to visual inspection. Final
results of the algorithm (i.e., average WBC count as deter-
mined by qOBM and this automated algorithm) are quanti-
tatively compared to results from a hematology analyzer.

In the first step of the algorithm, cell detection is done
by identifying circular shapes using a Hough transform32

from the quantitative phase images. This assumes, of
course, that blood cells have a circular profile (more on this
below).

Next, each cell is compared to a WBC kernel extracted
from a test image. Cells with the highest morphology simi-
larities to this kernel are selected as WBC candidates. This
step is designed to have high sensitivity, allowing for a rela-
tively high degree of false positives (RBCs passing as WBCs
assessed via visual inspection) to avoid false negatives
(WBCs passing as RBCs).

Once the first set of WBC candidates is selected, we
evaluate the absorption of each cell under red and green
light. Hemoglobin in RBCs (and nRBCs) strongly absorbs
green light (530 nm) and has low absorption of red light

(627 nm), while WBCs do not strongly absorb either color.
To analyze the relative absorption of each cell, we generate
a scatter plot of green versus red transmission: cells with a
higher green-to-red transmission are counted as WBCs.
Note that WBCs stand out as outliers in the scatter plot of
any image, which mainly consists of RBCs. This step uses a
principal component analysis (PCA)33 to generate a thresh-
old that identifies outliers based on the distribution men-
tioned above (see Fig. 3E).22 Here, WBC candidates must be
one standard deviation away from the mean distribution
along both principal components.

While the absorption analysis removes most false posi-
tives (such as nRBCs or acanthocytes), some unusually
shaped cells may still be miscounted as WBCs. This includes
RBCs that are not lying flat or that have a higher biconcav-
ity, which allow more green light to be transmitted near the
center of the cell. To reject these false positives, a final mor-
phology step is applied, which takes a closer look at the
morphology of each preselected cell. Those that have a
biconcave shape, low circularity, or significantly high
absorption patches combined with high phase value are not
counted as WBCs.

Fig. 3. Automated RBC and WBC segmentation: (A) Flow chart of processing steps. Results form (B) Hough transform, (C) kernel cross-

correlation and phase WBC kernel, (D) relative transmission principal component analysis and (E) scatter plot of transmission values,

and (F) morphology step. All scale bars are 25 μm and the magnification is 60x. [Color figure can be viewed at wileyonlinelibrary.com]
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Finally, we only consider samples that yield a total of
15,000 segmented cells or more. This ensures that even
under the most limiting case of, say, 1 WBC per 600 RBCs
(or a ratio of 1.6E-3 WBC/total cells), the error in our WBC
estimate is 20% or less. Here, we assume a Poisson distribu-

tion where percent error is given by 1/√N, where N is the
number of WBCs (15,000 [total cells] x 1.6E-3 [WBC/total
cells] = 25 [WBCs]). With each individual image containing
roughly 500 cells per field of view (and again 100 images
are acquired per sample), this condition is not highly
restrictive for the most part.

The entire segmentation and computational analysis is
packaged into a simple graphic user interface (in MATLAB,
MathWorks), making the process simple and user accessi-
ble. Our developed computer program can segment and

differentiate cells in the 100 acquired images in less than
3 minutes, reducing the whole process (i.e., imaging and
segmentation analysis) to less than 5 minutes without
requiring an Internet connection.

RESULTS

Figure 2 illustrates a representative image of UCB inside the
clear bags, from each of the four different types of contrast
generated from the acquired data: transmission (green and
red), DPC, and quantitative phase. Each image has a size of
2048 × 2048 pixels, with an effective pixel size of 0.138 μm
on the sample, corresponding to a field of view of 282 × 282
μm2. The resolution of the system is 0.6 μm.

The images visibly show regular biconcave RBCs,
acanthocytes, RBCs on their sides, and WBCs. Note that
while the DPC image shows the general morphology of each
cell with some subcellular detail, the quantitative phase
image has much greater clarity and has enhanced conspicu-
ity of subcellular structures of, for example, acanthocytes
and the internal contents of WBCs. The transmission images
noticeably differentiate between the WBCs and RBCs. Here,
the absorption of red light is low and consistent across the
entire image, while the green transmission confirms the
expected absorption of RBCs at a wavelength of 530 nm,
making the differentiation between cells containing hemo-
globin and those that do not very clear.

Figure 4 shows the outcomes of each segmentation
step. The results of the Hough transform, in Fig. 4A, identify
all in focus cells present in the field of view. The sensitivity
of the Hough algorithm was set high (0.94) to assure that
cells with a close-to-circular shape, such as acanthocytes,
were still selected. The autocorrelation step (Fig. 4B) per-
forms as anticipated: it selects all WBCs and some RBCs as
potential nucleated cells. Then, the absorption analysis
(Fig. 4C) identifies all the WBCs with fewer—but not zero—
false positives. Again, these false positives are expected,
since they will be rejected by the fourth and last step of the
algorithm, which accounts for internal cell morphology. For
the specific example shown in Fig. 4, there are two false
positives easily identifiable due to their traditional bicon-
cave shape. Figure 4D shows the final selection of nucleated
cells in the example, which now contains only WBCs with-
out false positives.

Figure 5 plots the measured relative concentration
(WBC counts relative to the total cell count) measured with
our image-based approach versus those obtained in the
CBC. We note that 4 of the 15 samples did not meet the
total segmented cell count criteria (defined in the Auto-
mated segmentation procedure section under Materials and
Methods), resulting from out-of-focus images, which can be
mitigated with autofocusing in the future. The error bars in
Fig. 5 are given by the square root of the number of WBCs
counted, which again assumes a Poisson counting process.

Fig. 4. In-focus image assessment. (A) Example in-focus phase

image. (B) Fourier transform of corresponding DPC image in

A. (C) Example out-of-focus phase image and (D) the Fourier

transform of corresponding DPC image. (E) Angular average of

Fourier distribution of in-focus and out-of-focus images. [Color

figure can be viewed at wileyonlinelibrary.com]

6 TRANSFUSION

CASTELEIRO COSTA ET AL.

http://wileyonlinelibrary.com


Table 1 summarizes the results, but here the calculated
error refers to the percent error between the image-based
counts compared to the CBC. These results clearly show
that the WBC concentrations measured with qOBM are in

agreement with the hematology analysis, maintaining an
average error of 13.4%, with a standard deactivation of 5.5%.
The slope of the fitted line in Fig. 5, which indicates the
agreement between the noninvasive image-based approach
and the CBC, is nearly perfect, with m = 0.94 (the ideal
slope is 1) and a high correlation coefficient of 0.86.

The presented results show the potential of the qOBM
system to acquire high-resolution images of cord blood
inside clear collection bags and analyze the contents with
high precision noninvasively.

DISCUSSION AND FUTURE WORK

In this work, we have shown that qOBM can accurately
quantify the relative concentration of WBCs. This novel
approach is noninvasive, fast, easy to use, robust, and does
not require labels or stains. Components are also low cost
(with the microscope objective being the most expensive
component), and the device can be extremely compact. All
these factors make qOBM a powerful tool to quantify CBUs
at the collection site, which can potentially reduce costs
associated with processing units that do not meet storage
criteria, thereby making CBB more efficient and economi-
cally viable.

Future work will focus on measuring the absolute WBC
count instead of providing a relative measure of the concentra-
tion. The only parameter needed to obtain this information is
the effective number of imaged cells per unit volume of blood.
To shed light on this issue, consider that the total WBC count
(TWBCC) in the collection bag is given by Equation 4:

Fig. 5. Results of the pilot study. Scatter plot of measured

WBC/RBC concentrations versus complete blood count

concentrations. The solid blue line represents the linear fit of the

results. An ideal fit would have a slope of 1 (dashed green line);

the measured results have a slope of 0.94. The error bars

represent the confidence intervals, based on the number of

WBCs detected. The red dashed lines represent an error of 20%

from the 1:1 fit. [Color figure can be viewed at

wileyonlinelibrary.com]

TABLE 1. Pilot study results
BAG ID Modality Total number of cells WBCs Relative concentration Concentration error (%)

120 CBC 2.84E+12 9.94E+09 3.49E-03 11.80
qOBM 34997 137 3.90E-03

594 CBC 2.26E+12 6.80E+09 3.00E-03 17.60
qOBM 41806 148 3.53E-03

677 CBC 3.24E+12 8.88E+09 2.73E-03 14.62
qOBM 22273 70 3.13E-03

685 CBC 2.81E+12 9.12E+09 3.24E-03 −14.05
qOBM 29408 82 2.78E-03

687 CBC 3.18E+12 9.86E+09 3.09E-03 −16.33
qOBM 29694 77 2.59E-03

728 CBC 2.85E+12 6.25E+09 2.19E-03 −11.68
qOBM 26856 52 1.93E-03

851 CBC 2.18E+12 1.03E+10 4.70E-03 3.18
qOBM 25431 124 4.85E-03

164 CBC 3.42E+12 9.13E+09 2.66E-03 −10.57
qOBM 127783 305 2.38E-03

611 CBC 2.94E+12 1.48E+10 5.01E-03 −25.15
qOBM 34279 129 3.75E-03

563 CBC 2.64E+12 1.04E+10 3.91E-03 −8.96
qOBM 124204 444 3.56E-03

517 CBC 3.50E+12 6.19E+09 1.77E-03 −13.67
qOBM 104816 160 1.52E-03

CBC = complete blood count; qOBM = quantitative oblique back-illumination microscopy.
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TWBCC =
WBCd

RBCd
*hct %ð Þ* Vb

MCV
ð4Þ

where WBCd and RBCd refer to the number of WBCs and
RBCs detected in the imaged region using qOBM, hct is the
hematocrit of the blood, Vb is the volume of blood in the
CBU (measured at the collection site), and MCV is the mean
corpuscular volume. In Equation 4, the effective cell count
per unit volume is given by hct(%)/(RBCd × MCV). Thus, in
this formulation, there are two unknown parameters,
hematocrit and MCV, both of which can be ascertained
with qOBM.

Here, we can again leverage the fact that the green light
is strongly absorbed by RBCs, leading to a predictable expo-
nential attenuation of the overall background green light
with increasing hematocrit. Further, because our green
light-emitting diodes (LEDs) are centered at 530 nm, which
corresponds to an isosbestic point for oxyhemoglobin and
deoxyhemoglobin,34 the measurement in the green channel
is largely insensitive to oxygenation state. Figure 6 shows
the average intensity values of raw image captures of a
blood bag using the green LEDs, normalized by images
taken with the red LEDs, before cells settled at the bottom
layer. This was repeated at various dilutions to simulate the
range of expected hematocrit values in cord blood (25%–

40%). Because red light is much more weakly absorbed by
RBCs, it serves as an internal reference where the ratio
between green and red background mostly depends on
hematocrit.35 Indeed, Fig. 6 reveals a predictable exponen-
tial attenuation behavior that it is well modeled by a light
transport simulation using Monte Carlo (solid line in Fig. 6).

While this calibration was not performed in the proof-
of-concept experiments, Fig. 6 illustrates the ability to pro-
duce a lookup table where the ratio of the green and red
images without settled cells directly yields the hematocrit of
a given blood bag.

For the MCV estimates, either an average value of
approximately 115 fL can be used since expected fluctua-
tions in normal UCB are low (standard deviation, 6.8 fL),28

or the quantitative phase information provided by qOBM
can be applied to estimate average cell volume (following
Equation 2).

In addition to incorporating these calculations to esti-
mate the TWBCC, future work will also include autofocusing
to ensure that all images provide useful information.

In summary, we have demonstrated the potential of
qOBM to quantify WBCs in umbilical cord blood collections
bags. Our results show strong agreement with standard hema-
tology analysis. This novel approach is fast, noninvasive, cost
efficient, and does not require highly trained personnel to
operate, given the automated process. Importantly, it is possi-
ble to reproduce the imaging procedure while maintaining a
CBU’s sterile environment using an integrated bag design that
includes the collection bag and optically clear bag. Therefore,
qOBM has the potential to reduce costs in CBB, thereby mak-
ing UCBmore accessible for therapy.
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