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and potential clinical utility of the sample? Umbilical cord blood (UCB) is a
valuable source of hematopoietic progenitor cells (HPCs), which can be used
for transplantation in various hematological and genetic disorders. Accurate
testing during processing ensures the safety, efficacy, and success of
subsequent stem cell therapies. This article provides an in-depth overview of
the critical tests performed when processing UCB samples for HPCs, explaining
their purpose, methodology, and significance in the transplantation process.

---

Understanding the Importance of Testing in UCB
Processing

Processing umbilical cord blood samples involves multiple steps, from
collection and transport to processing and storage. Each phase can impact the
quality of the HPCs, making thorough testing indispensable. Proper testing
helps:

- Confirm the presence of sufficient hematopoietic progenitor cells
- Assess sample viability and cell integrity
- Detect infectious agents to ensure safety
- Determine cell counts necessary for transplantation
- Evaluate cell functionality and potential engraftment success

By performing comprehensive tests, clinicians and laboratory personnel can
make informed decisions about the suitability of the cord blood unit for
transplantation.

---

Key Tests Performed During UCB Processing for
HPCs

The testing process for umbilical cord blood samples encompasses several
assays, each targeting specific aspects of cell quality and safety. The
primary tests include:



1. Total Nucleated Cell (TNC) Count
2. CD34+ Cell Enumeration
3. Viability Testing
4. Microbial Testing
5. Infectious Disease Screening
6. Sterility Testing
7. Additional Functional and Compatibility Tests

Below, each of these tests is elaborated upon to highlight their roles and
methodologies.

---

1. Total Nucleated Cell (TNC) Count

Purpose
The TNC count measures the total number of nucleated cells present in the
cord blood unit. This count is a crucial initial indicator of the sample’s
cellular content and potential hematopoietic capacity.

Methodology
- Automated Cell Counters: Most laboratories utilize hematology analyzers or
flow cytometers to determine the TNC count.
- Sample Preparation: The cord blood sample is diluted, stained if necessary,
and run through the analyzer.
- Interpretation: The TNC count guides the decision to proceed with further
processing and influences the cell dose calculation for transplantation.

Significance
- A higher TNC count correlates with better engraftment outcomes.
- It helps establish the total stem cell dose, which is critical for
successful transplantation.

---

2. CD34+ Cell Enumeration

Purpose
CD34+ cells are a subset of hematopoietic stem and progenitor cells essential



for successful engraftment. Quantifying CD34+ cells provides a more specific
measure of the stem cell content in the cord blood unit.

Methodology
- Flow Cytometry: The gold standard technique involves labeling cells with
fluorescently tagged anti-CD34 antibodies.
- Sample Processing: Cells are incubated with the antibodies, washed, and
analyzed via flow cytometry.
- Results: The percentage of CD34+ cells is calculated, and the absolute
number is derived based on the total nucleated cell count.

Significance
- CD34+ cell count is a predictor of engraftment speed and success.
- Regulatory guidelines often specify minimum CD34+ cell doses (e.g., ≥1.7 x
10^6 cells per kilogram of recipient body weight).

---

3. Viability Testing

Purpose
Assessing cell viability indicates the proportion of live, functional cells
in the sample, which directly impacts transplantation success.

Methodology
- Trypan Blue Exclusion Test: A simple dye-based method where dead cells
absorb the dye, while live cells exclude it.
- Flow Cytometry with Viability Dyes: More advanced methods use dyes like 7-
AAD or propidium iodide, providing precise viability percentages.
- Other Techniques: Fluorescence-based assays and automated viability
analyzers can also be employed.

Significance
- Ensures that the majority of cells are alive and capable of engraftment.
- A viability of at least 70% is generally considered acceptable for
cryopreserved HPC products.

---



4. Microbial Testing

Purpose
To detect microbial contamination, including bacteria, fungi, or other
pathogens, that could compromise patient safety or affect the quality of the
HPC product.

Methodology
- Culture-Based Methods: Samples are cultured on selective media to identify
microbial growth.
- Rapid Microbial Detection: Techniques such as PCR, bioluminescence assays,
or automated systems are increasingly used for faster results.
- Sampling: Aliquots of the processed sample or final product are tested.

Significance
- Ensures the stem cell product is free from contamination before
transplantation.
- Mandatory for regulatory compliance and patient safety.

---

5. Infectious Disease Screening

Purpose
Screening donors and cord blood units for infectious agents minimizes the
risk of transmitting diseases through transplantation.

Tests Included
- HIV-1/2 Antibodies and RNA Testing
- Hepatitis B Virus (HBV) Surface Antigen and DNA
- Hepatitis C Virus (HCV) Antibodies and RNA
- Syphilis Serology
- Other Pathogens: Cytomegalovirus (CMV), Epstein-Barr Virus (EBV), Human T-
cell lymphotropic virus (HTLV), depending on regional regulations.



Methodology
- Blood samples are tested using serology and nucleic acid amplification
tests (NAATs) for increased sensitivity.

Significance
- Prevents transmission of infections to recipients.
- Critical for ensuring the safety and efficacy of the transplant.

---

6. Sterility Testing

Purpose
To confirm that the final processed product is sterile and free from
microbial life post-processing.

Methodology
- Culture Techniques: Incubation of samples in culture media for specified
periods.
- Automated Systems: Automated sterility testing platforms enhance detection
sensitivity.

Timing
- Usually performed after processing and before cryopreservation, with some
tests completed after storage.

Significance
- Validates the sterile nature of the product before clinical use.

---

7. Additional Functional and Compatibility
Tests

While the primary tests focus on cell counts and safety, some laboratories
also perform:



- Colony-Forming Unit (CFU) Assays: To assess the functional capacity of HPCs
to proliferate and differentiate.
- HLA Typing: Crucial for matching donor and recipient, reducing graft-
versus-host disease.
- Chimerism Analysis: Post-transplant, to monitor engraftment success.

---

Conclusion: Integrating Test Results for
Optimal Outcomes

Processing umbilical cord blood samples for hematopoietic progenitor cells
involves a comprehensive battery of tests designed to ensure safety, potency,
and compatibility. The combination of cellular counts (TNC and CD34+),
viability assessments, and rigorous infectious and sterility testing forms
the foundation for selecting high-quality units suitable for transplantation.

By adhering to standardized testing protocols, healthcare providers can
improve transplantation outcomes, minimize risks, and maximize the
therapeutic benefits of umbilical cord blood-derived HPCs. Advances in
testing technologies continue to enhance the accuracy, speed, and sensitivity
of these assays, ultimately contributing to better patient care and
successful stem cell therapies.

---
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Frequently Asked Questions

What initial tests are performed on umbilical cord
blood samples for HPC processing?
Initial testing includes assessing volume, total nucleated cell count, CD34+
cell enumeration via flow cytometry, and viability testing to determine
sample quality for HPC processing.

Are microbiological tests conducted on cord blood
samples before HPC processing?
Yes, microbiological testing such as bacterial and fungal cultures are
performed to ensure the sample is free from contamination before processing.



What is the role of flow cytometry in testing
umbilical cord blood for HPC?
Flow cytometry is used to quantify CD34+ hematopoietic progenitor cells,
which is essential for determining the suitability of the sample for
transplantation.

Do laboratories perform infectious disease screening
on cord blood samples?
Yes, screening for infectious diseases like HIV, HBV, HCV, and CMV is
performed to ensure the safety of the HPC product for transplantation.

Is viability testing part of the standard tests for
cord blood HPC processing?
Absolutely, viability testing (such as 7-AAD or trypan blue exclusion)
assesses the percentage of live cells to ensure the quality of the HPC
product.

What additional tests are performed to evaluate the
quality of umbilical cord blood before HPC
processing?
Additional tests include red blood cell depletion, sterility testing, and
sometimes genetic or HLA typing depending on the processing protocol.

How is CD34+ cell enumeration important in
processing cord blood for HPC?
CD34+ cell enumeration helps determine the concentration of hematopoietic
stem and progenitor cells, guiding selection and dosing for transplantation.

Are cryopreservation tests performed on cord blood
samples for HPC banking?
Yes, before cryopreservation, tests such as cell count, viability, and
sterility are conducted to ensure the sample's integrity for long-term
storage.

What quality control tests are essential during the
processing of umbilical cord blood for HPC?
Quality control tests include cell count accuracy, viability assessment,
sterility testing, and CD34+ cell quantification to ensure a safe and
effective product.



How do current regulations influence testing
protocols for umbilical cord blood HPC processing?
Regulatory guidelines mandate comprehensive infectious disease screening,
sterility testing, and quality assessments to ensure safety, efficacy, and
traceability of the HPC product.

Additional Resources
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Cells (HPC), What Tests Are crucial to ensure the viability, safety, and
quality of the collected samples. Umbilical cord blood (UCB) has become an
increasingly valuable source of hematopoietic stem and progenitor cells used
in transplantation therapies for various hematologic diseases, immune
deficiencies, and metabolic disorders. To maximize the potential of these
cells, comprehensive testing of cord blood samples is essential. This article
provides an in-depth overview of the key tests performed during the
processing of UCB for HPC, their purposes, methodologies, and implications
for clinical applications.

---

Introduction to Cord Blood Processing and Its
Significance

Processing umbilical cord blood involves several steps aimed at isolating
high-quality hematopoietic progenitor cells suitable for transplantation.
Proper testing ensures that the sample meets the necessary standards for cell
count, viability, sterility, and genetic compatibility. The quality of these
tests directly impacts the success rate of transplantations, patient safety,
and the long-term efficacy of the treatment.

---

Core Tests Conducted During Cord Blood
Processing for HPC

The processing of UCB for HPC involves multiple laboratory assessments. These
tests are broadly categorized into cell quantification, viability
assessments, sterility testing, immunophenotyping, genetic testing, and
infectious disease screening. Each plays a vital role in the overall
evaluation process.



---

1. Total Nucleated Cell (TNC) Count

Purpose
The TNC count measures the total number of nucleated cells present in the
sample, which includes hematopoietic stem and progenitor cells, as well as
other white blood cells. It is a primary indicator of the sample's cell dose
potential.

Methodology
- Automated Cell Counters: Use of flow cytometry-based or Coulter counters
that distinguish nucleated cells based on size and internal complexity.
- Manual Counts: Using hemocytometers with vital dyes (e.g., Trypan blue) to
assess cell presence and general viability.

Features and Considerations
- Pros:
- Quick and relatively straightforward.
- Provides initial assessment of sample adequacy.
- Cons:
- Does not distinguish between different cell types.
- May overestimate viable cell numbers if dead cells are not excluded.

Significance
A high TNC count correlates with better engraftment potential, making it a
key metric for selecting cord blood units.

---

2. CD34+ Cell Enumeration

Purpose
CD34 is a surface antigen expressed on hematopoietic stem and progenitor
cells. Quantifying CD34+ cells is considered a gold standard for evaluating
the stem cell content in cord blood.

Methodology
- Flow Cytometry: The most common technique involving fluorescently labeled
antibodies targeting CD34 and other markers to identify and quantify CD34+
cells accurately.



Features and Considerations
- Pros:
- Specific and sensitive for stem cell detection.
- Provides precise cell counts, facilitating dose calculations.
- Cons:
- Requires technical expertise and specialized equipment.
- Slight variability depending on antibody quality and gating strategies.

Significance
A higher percentage of CD34+ cells is associated with faster engraftment and
better transplantation outcomes.

---

3. Viability Testing

Purpose
Determining the proportion of live, functional cells in the sample ensures
that the cells are capable of engraftment and immune reconstitution.

Methodology
- Flow Cytometry with Viability Dyes: Use of dyes like 7-AAD, propidium
iodide, or Annexin V to distinguish live from dead cells.
- Trypan Blue Exclusion: Manual method to assess cell membrane integrity.

Features and Considerations
- Pros:
- Rapid and reliable with flow cytometry.
- Helps in assessing the success of cryopreservation and thawing processes.
- Cons:
- Some dyes may have false positives/negatives if not used properly.
- Manual methods are less precise and more time-consuming.

Significance
High viability (>85%) is generally required before transplantation.

---

4. Sterility Testing



Purpose
To ensure the cord blood unit is free of bacterial, fungal, and mycoplasma
contamination, minimizing infection risk post-transplant.

Methodology
- Culture Methods: Incubation of samples in culture media to detect microbial
growth.
- Rapid Detection Techniques: PCR-based assays and other molecular methods
provide faster results.

Features and Considerations
- Pros:
- Critical for patient safety.
- Culture methods are the gold standard.
- Cons:
- Culture results may take several days.
- Molecular methods are faster but may have false positives.

Significance
Sterility confirmation is mandatory before clinical use.

---

5. Infectious Disease Screening

Purpose
To detect maternal infections that could be transmitted via cord blood, such
as HIV, hepatitis B and C, syphilis, and others.

Methodology
- Serological Tests: ELISA or chemiluminescent assays on maternal blood.
- Nucleic Acid Testing (NAT): PCR-based detection of viral RNA/DNA in
maternal or cord blood samples.

Features and Considerations
- Pros:
- Reduces risk of disease transmission.
- Ensures safety for recipient.
- Cons:
- Requires timely sample collection.
- False negatives possible in early infection stages.



Significance
Mandatory for all cord blood units intended for transplantation.

---

6. HLA Typing

Purpose
High-resolution human leukocyte antigen (HLA) typing ensures compatibility
between donor and recipient, reducing graft-versus-host disease (GVHD).

Methodology
- Molecular Techniques: PCR-based sequence-specific oligonucleotide probes
(SSOP), sequence-specific primer (SSP), or next-generation sequencing (NGS).

Features and Considerations
- Pros:
- Accurate matching improves transplant outcomes.
- Critical for unrelated donor transplants.
- Cons:
- Time-consuming and costly.
- Requires specialized laboratories.

Significance
HLA compatibility is a cornerstone of successful hematopoietic stem cell
transplantation.

---

Additional Tests and Considerations

Apart from the core tests, other evaluations may include:

- CFU Assays (Colony-Forming Unit): Functional assessment of hematopoietic
progenitors' ability to form colonies in vitro. While informative, these are
less routinely performed due to complexity.
- Endotoxin Testing: Ensures the sample is free from bacterial endotoxins.
- Cryopreservation Testing: Verifies cell stability post-thawing.

---



Conclusion: Integrating Tests for Optimal
Outcomes

The processing of umbilical cord blood samples for hematopoietic progenitor
cells involves a comprehensive suite of tests designed to evaluate cellular
quantity, quality, safety, and compatibility. The combination of TNC count,
CD34+ cell enumeration, viability assessments, sterility, infectious disease
screening, and HLA typing provides a robust profile of the sample’s
suitability for transplantation. Advances in molecular diagnostics and flow
cytometry have enhanced the precision and speed of these tests, ultimately
improving patient outcomes.

Ensuring meticulous testing during cord blood processing not only maximizes
the chances of successful engraftment but also safeguards against
transfusion-related complications. As research progresses, emerging
techniques may further refine these assessments, offering even more reliable
and rapid evaluation methods. For clinicians, laboratory technicians, and
transplant teams, understanding the nuances of these tests is vital for
making informed decisions and delivering optimal patient care.

---

In summary, when processing umbilical cord blood samples for HPC, the key
tests include:

- Total Nucleated Cell (TNC) count
- CD34+ cell enumeration
- Viability testing
- Sterility testing
- Infectious disease screening
- HLA typing

Each test plays a critical role in ensuring the safety, efficacy, and success
of hematopoietic stem cell transplantation. Proper execution and
interpretation of these tests are fundamental to harnessing the full
potential of umbilical cord blood as a life-saving resource.
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