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Certified Specialist Programme in Cell Culture Optimization

Quality Control and Assurance in Cell Culture

Quality Control (QC) in cell culture is the systematic process of testing and monitoring raw materials,
intermediate products, and final cell-based products to ensure they meet predefined specifications. It is a
reactive approach that detects deviations after they have occurred, allowing the laboratory to decide
whether a batch can be released or must be rejected. In practice, QC activities include sterility testing of
media, mycoplasma detection in cell lines, endotoxin quantification, and verification of cell line identity. For
example, a QC analyst may perform a limulus amebocyte lysate (LAL) assay on each new lot of fetal bovine
serum (FBS) to confirm that endotoxin levels are below the acceptable threshold of 0.5 EU/mL. If the assay
returns a value of 0.8 EU/mL, the lot is flagged and must be either re-tested after additional purification or
discarded, preventing downstream contamination of the cell culture.

Quality Assurance (QA) complements QC by establishing and maintaining the processes and documentation
that guarantee consistent product quality. QA is proactive; it defines the procedures that must be followed,
trains personnel, and audits compliance. A core QA element is the development of a Standard Operating
Procedure (SOP) for media preparation. The SOP specifies the exact order of reagent addition, filtration
steps, and temperature controls, ensuring that every technician prepares the same formulation each time.
When a deviation is observed—such as a temperature dip in the water bath during media sterilization—the
SOP mandates that the incident be recorded, investigated, and corrective action taken before the next
batch is prepared.

Validation and Verification are two distinct but interrelated concepts. Validation is the documented evidence
that a process, method, or equipment consistently produces a result meeting its predetermined
specifications. For instance, the validation of a cryopreservation protocol involves demonstrating that the
post-thaw viability of a cell line exceeds 90 % across multiple runs, under defined cooling rates and storage
temperatures. Verification, on the other hand, confirms that a specific instance of a validated process was
performed correctly. A verification record may show that the cryogenic freezer maintained a temperature of
—-150°C during a particular freeze cycle, as logged by the temperature monitoring system.

Sterility Testing is essential for any cell culture workflow. The most common approach is the use of tryptic
soy broth or thioglycollate medium incubated for 14 days under aerobic and anaerobic conditions. The
presence of turbidity indicates microbial growth, leading to batch rejection. Modern laboratories may also
employ rapid sterility testing platforms based on fluorescence or ATP detection, which can provide results
within 24 hours, thereby reducing product hold times.

Mycoplasma Detection is a specialized QC activity because mycoplasma lacks a cell wall and can evade
standard bacterial sterility tests. Detection methods include polymerase chain reaction (PCR), enzyme-linked
immunosorbent assay (ELISA), and culture on specific mycoplasma broth. PCR is the most sensitive and
quickest, often delivering results in less than 8 hours. A laboratory might adopt a routine monthly PCR
screening of all actively growing cell lines, with a predefined acceptance criterion of no detectable
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amplification. Any positive result triggers a thorough investigation and possible decontamination or
disposal of the affected culture.

Endotoxin Testing uses the limulus amebocyte lysate (LAL) assay to quantify lipopolysaccharide (LPS)
contamination, which can provoke inflammatory responses in downstream applications such as therapeutic
protein production. The assay can be performed in gel-clot, turbidimetric, or chromogenic formats.
Laboratories often set an endotoxin limit of 0.5 EU/mL for media and 0.1 EU/mL for final cell-based products.
If a media lot exceeds the limit, it must be re-tested after additional depyrogenation steps, such as
high-temperature heating or ultrafiltration.

Cell Line Authentication is a critical QA activity that ensures the identity and genetic integrity of the cell line
used. Authentication methods include short tandem repeat (STR) profiling, single-nucleotide polymorphism
(SNP) analysis, and karyotyping. A typical QA SOP may require STR profiling at the time of master cell bank
(MCB) creation and again after every 20 passages. The STR profile is compared to a reference database; a
match of 80 % or higher is considered acceptable. Misidentification can lead to wasted resources and invalid
scientific conclusions, making authentication an indispensable part of the quality system.

Passage Number and Confluency are operational parameters that influence cell health and experimental
reproducibility. Passage number tracks how many times a cell line has been sub-cultured, while confluency
indicates the percentage of the culture surface covered by cells. SOPs often dictate that cells be split at 70—
80% confluency and that the passage number not exceed a predetermined limit (e.g., 30 passages for a
given line) before a new MCB must be generated. Deviations from these limits can cause phenotypic drift,
altered gene expression, or reduced productivity.

Media Preparation involves several QC checkpoints. First, the raw material certificates of analysis (CoA) for
each component—such as glucose, amino acids, and vitamins—are reviewed for compliance with
specifications. Second, a Lot-to-Lot Consistency test is performed by comparing the performance of the
new media batch to a reference lot in a standard cell growth assay. If the new lot yields a growth rate within
+10% of the reference, it is released; otherwise, it is subjected to further investigation.

Batch Release is the final QA decision point where a cell-based product is deemed fit for use. Release
criteria are compiled in a Batch Record and typically include sterility, mycoplasma, endotoxin, viability,
identity, and functional assay results. For example, a therapeutic cell line intended for biopharmaceutical
production may require a viability of 295% (determined by trypan blue exclusion), endotoxin <0.1 EU/mL,
and a specific productivity of >1mg/L. The batch is released only after all criteria are met and documented.

Reference Standards provide a benchmark for assay performance. In cell culture, a reference standard may
be a well-characterized cell line with known growth kinetics, used to calibrate viability assays or to validate
media performance. Using a reference standard helps to detect assay drift over time and ensures
comparability between laboratories.

Documentation is the backbone of QA. Every QC test, SOP execution, deviation, and corrective action must
be recorded in a traceable manner. Electronic Lab Notebooks (ELNs) are increasingly adopted to facilitate
data integrity, version control, and audit trails. However, the ELN itself must be qualified (IQ) and verified
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(OQ) to ensure reliable operation.

Deviation refers to any departure from an approved SOP, specification, or standard. Deviations are classified
by their impact (minor, major, critical) and must be investigated. A minor deviation—such as a 2°C
temperature fluctuation during incubation—might be documented and corrected without extensive
investigation, whereas a critical deviation—like a confirmed sterility breach—requires a full root-cause
analysis, corrective action, and possibly a product recall.

Corrective Action and Preventive Action (CAPA) are systematic responses to deviations. A corrective action
addresses the immediate cause (e.g., replacing a faulty incubator sensor), while a preventive action seeks to
eliminate the underlying systemic issue (e.g., revising the preventive maintenance schedule for all
incubators). CAPA effectiveness is evaluated by monitoring for recurrence of the original problem.

Environmental Monitoring ensures that the cleanroom or laboratory environment meets the required
standards for cell culture work. This includes monitoring of airborne particles, temperature, humidity, and
differential pressure. Cleanroom classification, such as ISO 5 (Class 100) for the workbench, dictates the
acceptable particle count (<100 particles >0.5 um per cubic foot). Air sampling is performed weekly, and any
exceedance triggers an investigation and possible remediation.

HEPA Filtration (high-efficiency particulate air) is a cornerstone of environmental control. HEPA filters must
be qualified for integrity (bubble point test) and efficiency (particle penetration test) before installation and
periodically thereafter. A compromised filter can introduce contaminants directly into the laminar flow
hood, jeopardizing cell cultures.

Good Manufacturing Practice (GMP) and Good Laboratory Practice (GLP) are regulatory frameworks that
dictate the quality requirements for manufacturing and research, respectively. GMP focuses on the
production of clinical-grade cell therapies, mandating strict controls over raw materials, process validation,
and product release. GLP applies to non-clinical studies, emphasizing study design, data integrity, and audit
readiness. Both frameworks require a robust Quality Management System (QMS) that integrates QA, QC,
training, and continuous improvement.

Risk Assessment is a proactive QA tool that identifies potential failure points in the cell culture workflow. A
typical risk matrix evaluates the probability of occurrence against the severity of impact. For example, the
risk of mycoplasma contamination may be rated as high probability but moderate severity if routine
screening is in place; mitigation strategies could include regular PCR testing and strict aseptic technique
training.

Process Control involves real-time monitoring of critical parameters during cell culture, such as pH,
dissolved oxygen, and glucose consumption. In bioreactor settings, automated sensors feed data into a
supervisory control system that can adjust feed rates or temperature to maintain optimal conditions.
Process control data are archived for trend analysis and are part of the product’'s manufacturing record.

In-Process Monitoring extends process control to include periodic sampling for QC tests. For instance, a
cell-based bioprocess may include daily sampling for viability (via flow cytometry), metabolite analysis
(glucose, lactate), and product titer (ELISA). These data inform decisions on harvest timing and ensure that
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the process remains within the defined design space.

Release Criteria are the predefined specifications that a product must meet before it can be released for
downstream use or clinical application. Criteria are established during method development and are based
on regulatory guidance and product-specific considerations. For a cell-derived therapeutic, release criteria
might include sterility, absence of mycoplasma, endotoxin <0.05 EU/mL, viability 290%, and a defined
potency assay result.

Stability Testing evaluates how a cell-based product retains its quality attributes over time under specified
storage conditions. Stability protocols often include periodic testing of viability, phenotype, and functional
activity at time points such as 0, 1, 3, 6, and 12 months. Data from stability studies support labeling claims
and determine the product’s shelf life.

Cell Bank terminology includes Master Cell Bank (MCB) and Working Cell Bank (WCB). The MCB is the
primary, highly characterized repository of a cell line, generated from a low-passage, authenticated culture.
The MCB undergoes extensive testing for identity, sterility, mycoplasma, and genetic stability. The WCB is
derived from the MCB and serves as the immediate source for routine production. Each bank is stored in
vapor-phase liquid nitrogen at —150°C, and each vial is uniquely labeled for traceability.

Cryopreservation protocols must be validated to ensure high post-thaw recovery. Validation experiments
compare different cryoprotectants (e.g., 10% DMSO vs. 5% DMSO with 6% hydroxyethyl starch) and
cooling rates (1°C/min vs. 0.5°C/min). The chosen protocol is documented in an SOP, and each new batch
of cryovials is verified by measuring viability after thawing using trypan blue exclusion or flow cytometry
viability dyes.

Viability Assessment can be performed using several methods. The classic trypan blue exclusion test
provides a rapid estimate of live vs. dead cells under a microscope, but it may underestimate early
apoptosis. Flow cytometry with fluorescent viability dyes (e.g., 7-AAD, propidium iodide) offers higher
sensitivity and can be combined with phenotypic markers. Viability thresholds are set according to product
requirements; for example, a high-value therapeutic cell line may require >95 % viability at harvest.

Contamination encompasses microbial, fungal, viral, and cross-contamination events. Cross-contamination
occurs when two distinct cell lines are inadvertently mixed, often due to improper labeling or shared
equipment. Preventive measures include dedicated biosafety cabinets for each line, strict labeling
conventions, and regular authentication checks. Mycoplasma, bacterial, and fungal contaminations are
mitigated by aseptic technique training, regular environmental monitoring, and the use of antibiotics only
when justified (e.g., for specific rescue experiments).

Cell Line Misidentification is a pervasive issue in the scientific community. STR profiling has become the
gold standard for authentication, providing a DNA fingerprint that can be matched against reference
databases such as ATCC or the International Cell Line Authentication Committee (ICLAC). Laboratories
should incorporate STR verification into their QA program at the time of MCB creation and whenever a new
cell line is introduced.

Phenotypic Characterization and Functional Assays are essential for confirming that a cell line retains its
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intended properties after expansion or cryopreservation. Phenotypic markers (e.g., CD surface antigens) are
assessed by flow cytometry, while functional assays may include enzyme activity, cytokine secretion, or
differentiation potential. These assays are incorporated into the product release specification, ensuring that
the final cell culture behaves as expected.

Reproducibility in cell culture is achieved through strict control of variables such as media composition,
passage number, seeding density, and incubation conditions. Statistical process control (SPC) tools, such as
control charts, are employed to monitor key performance indicators (KPIs) over time. For instance, a
Shewhart chart tracking cell doubling time can reveal trends that signal a drift in process performance,
prompting a root-cause analysis.

Statistical Process Control (SPC) utilizes control limits (typically 3 o) to define acceptable variation. When a
data point falls outside these limits, it is considered an out-of-control signal, triggering investigation. SPC
can be applied to parameters like endotoxin levels, viability percentages, and product titer, providing an
evidence-based approach to maintaining process capability.

Process Capability is expressed as the ratio of specification limits to process variation (Cp, Cpk). A Cp value
>1.33 is generally considered acceptable for critical quality attributes. Process capability studies are
performed during method development and periodically reassessed during routine operation.

Out-of-Specification (OOS) results occur when a test value falls outside the predefined acceptance criteria.
OOS investigations follow a structured workflow: (1) verify the result by repeat testing, (2) assess potential
sources of error (instrument drift, operator error, sample mix-up), (3) conduct a root-cause analysis, and (4)
implement corrective and preventive actions. Documentation of each step is mandatory for regulatory
compliance.

Root-Cause Analysis (RCA) techniques include the “5 Whys" and fishbone (Ishikawa) diagrams. For a
recurring mycoplasma OOS, an RCA may reveal that a specific incubator’'s water bath is not regularly
disinfected, leading to aerosolisation of mycoplasma from contaminated water. The corrective action would
involve revising the cleaning SOP and adding a verification step after each disinfection cycle.

Change Control manages modifications to processes, equipment, or documentation. Any change—such as
switching to a new brand of serum—must be evaluated for impact on product quality, approved by the QA
manager, and recorded in the change control log. Validation or re-verification may be required before the
change is implemented.

Instrument Qualification comprises Installation Qualification (IQ), Operational Qualification (OQ), and
Performance Qualification (PQ). IQ confirms that the instrument is installed according to manufacturer
specifications; OQ verifies that it operates within defined parameters; PQ demonstrates that it performs
consistently under real-world conditions. For a CO, incubator, IQ would document the installation of the
temperature sensor, OQ would test temperature accuracy across the setpoint range, and PQ would involve a
30-day temperature mapping study with data logged at 15-minute intervals.

Media Lot Testing ensures that each new batch of culture medium meets performance criteria. A typical
testing scheme involves growing a reference cell line in the new lot and measuring growth rate, viability,
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and morphology. If the growth rate deviates by more than +10% from the reference lot, the new lot is
rejected or subjected to additional testing.

Serum Testing includes sterility, mycoplasma, endotoxin, and viral safety screening. Heat-inactivated serum
is commonly used, but the heat-inactivation step must be validated to confirm that it does not compromise
essential growth factors. Endotoxin testing of serum is critical because high LPS levels can alter cytokine
production in immune-cell cultures, leading to erroneous experimental outcomes.

Calibration of analytical instruments (e.g., spectrophotometers, pH meters) is performed using traceable
standards. Calibration frequency is defined by the instrument'’s stability and regulatory requirements.
Calibration records must be retained for the instrument’s lifecycle and are reviewed during internal audits.

Equipment Qualification extends beyond instruments to include biosafety cabinets, laminar flow hoods,
autoclaves, and vapor-phase freezers. For a biosafety cabinet, qualification includes airflow testing (velocity
and uniformity), filter integrity testing (HEPA filter leak test), and UV-lamp output verification. Qualified
equipment is listed in a master equipment file, facilitating traceability and maintenance scheduling.

Incubator Validation involves temperature, CO,, humidity, and O, monitoring. Temperature mapping is
conducted by placing calibrated probes at multiple locations within the incubator and recording
temperature over a 48-hour period. Deviations greater than £0.5°C from the setpoint trigger corrective
action. CO; levels are similarly monitored, ensuring they remain within 5% + 0.2 % for optimal pH control.

Decontamination methods include autoclaving (121°C, 15 psi, 30 min), vaporised hydrogen peroxide (VHP),
and UV-Cirradiation. Validation of decontamination cycles is required to demonstrate microbial kill (>6 log
reduction). For VHP, biological indicators containing Geobacillus stearothermophilus spores are used to
verify efficacy.

Waste Management in cell culture laboratories must comply with biosafety and environmental regulations.
Biological waste is autoclaved before disposal, while chemical waste (e.g., solvents used for media
preparation) is collected in designated containers and handled according to the institution’s hazardous
waste policy. Documentation of waste decontamination and disposal is retained for audit purposes.

Biosafety levels (BSL-2, BSL-3) dictate the containment practices required for different cell types. For
example, work with human-derived cell lines that may harbor latent viruses is typically performed under
BSL-2 conditions, involving the use of biosafety cabinets, personal protective equipment (PPE), and limited
access. QA ensures that the biosafety program is up-to-date, personnel are trained, and incidents are
recorded.

Training and Competency Assessment are integral to QA. New staff must complete a training curriculum
covering aseptic technique, equipment operation, and documentation practices. Competency is
demonstrated through written quizzes and observed performance, with records stored in the personnel file.
Ongoing refresher training is scheduled annually or whenever a SOP is revised.

Audit activities include internal audits, external audits by regulatory agencies, and third-party certification
audits (e.g., ISO 9001). Audits assess compliance with SOPs, traceability, data integrity, and overall QMS
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effectiveness. Findings are documented, and corrective actions are tracked until closure.

Proficiency Testing and Inter-Laboratory Comparison programs enable laboratories to benchmark their QC
performance against peer institutions. Participation in a mycoplasma proficiency program, where each lab
receives blinded samples for PCR analysis, provides an objective measure of assay sensitivity and specificity.
Results are compared, and any discrepancies are investigated to improve assay robustness.

Standard Reference Material (SRM) is used to calibrate analytical methods. For endotoxin testing, an SRM
containing a known concentration of LPS is run alongside each sample to confirm assay linearity. The use of
SRMs helps maintain consistency across different laboratories and over time.

Calibration and Qualification are distinct but related. Calibration aligns an instrument’s output with a known
standard, while qualification demonstrates that the instrument consistently performs within defined limits.
Both activities are documented in a calibration log and are essential for regulatory compliance.

Instrument Qualification (IQ/OQ/PQ) is required for any equipment that directly impacts product quality,
such as cell counters, flow cytometers, and bioreactors. The qualification protocol outlines the acceptance
criteria, test procedures, and documentation requirements. Successful qualification results in a signed
qualification report that becomes part of the QMS.

Media Lot Testing is performed for each new batch of culture media. The test plan includes sterility, pH,
osmolality, and growth performance using a standard cell line. Acceptance criteria are defined in the media
specification; for example, the growth rate must be within +15 % of the reference lot. If the new lot fails any
test, it is quarantined pending further investigation.

Serum Testing is critical because serum is a complex, biologically derived component. In addition to sterility,
mycoplasma, and endotoxin tests, serum may be screened for viral contaminants using nucleic acid testing
(NAT). The serum'’s lot-to-lot variability can affect cell growth, so a “serum matching” study is often
performed where a reference serum lot is compared to the new lot in parallel cultures.

Calibration of pH meters is performed using at least two standard buffer solutions that bracket the expected
measurement range (e.g., pH4.0 and pH7.0). The meter's response is adjusted until the measured values fall
within £0.02 pH units of the certified values. Calibration records are retained for at least three years.

Equipment Qualification includes routine preventive maintenance (PM). PM schedules are defined based on
manufacturer recommendations and usage frequency. For a centrifuge, PM may involve lubrication of the
rotor bearings, inspection of the brake system, and verification of speed accuracy using a calibrated
tachometer. All PM activities are recorded in a maintenance log.

Incubator Validation also covers humidity control, which is essential for preventing evaporation of culture
media. Humidity sensors are calibrated against a gravimetric method, and the incubator’s humidity setpoint
is verified to remain within 95 % + 2% relative humidity. Deviations are logged, and corrective actions (e.g.,
adjusting the water reservoir) are taken.

Decontamination protocols must be validated for effectiveness. For UV-C decontamination of a biosafety
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cabinet, a UV dose-mapping study is performed using a calibrated radiometer to ensure that the entire
work surface receives a minimum dose of 1J/cm?, sufficient to inactivate most microorganisms. The UV
lamp’s output is monitored periodically to detect degradation.

Waste Management policies require segregation of biohazardous waste from non-hazardous waste.
Biohazardous waste is autoclaved at 121 °C for 30 minutes, and the autoclave’s cycle is validated using
chemical indicators (e.g., Bacillus stearothermophilus spore strips). Documentation includes autoclave run
logs, indicator results, and waste tracking forms.

Biosafety training includes proper use of PPE, waste disposal, and emergency procedures. Training records
are reviewed during internal audits to confirm that all personnel have completed the required modules.
Incident reports, such as a biosafety cabinet spill, are investigated, and lessons learned are incorporated into
SOP revisions.

Training programs are reviewed annually to incorporate new regulations, technology updates, and feedback
from audit findings. Competency assessments are conducted after each major procedural change, ensuring
that staff can reliably execute updated SOPs.

Audit findings are categorized by severity (minor, major, critical). Minor findings may include missing
signatures on a batch record, while major findings could involve a lack of documented calibration for a
critical instrument. Critical findings often relate to patient safety or regulatory non-compliance, such as an
undocumented deviation that led to the release of a non-sterile product. All findings are tracked in a
corrective action database until resolved.

Proficiency Testing for endotoxin detection may involve sending blinded samples with known endotoxin
concentrations to participating laboratories. Results are compared against target values, and laboratories
receiving results outside the acceptable range must investigate assay performance and implement
corrective measures. Participation in proficiency testing demonstrates a laboratory’s commitment to
analytical excellence.

Inter-Laboratory Comparison can be extended to cell line authentication. Multiple laboratories may
exchange DNA extracts for STR profiling, comparing their results to a common reference. Discrepancies can
reveal issues such as sample cross-contamination or variations in profiling protocols, prompting
harmonization efforts.

Standard Reference Material for cell viability may include a certified reference cell suspension with a known
proportion of live and dead cells. This SRM is used to verify the accuracy of viability assays (e.g., trypan blue
or flow cytometry) before routine testing. Using an SRM helps to detect assay drift and maintain confidence
in viability data.

Calibration of temperature probes used in incubators is performed using a calibrated reference
thermometer placed in a temperature-controlled water bath. The probe’s output is adjusted until it matches
the reference within £0.2 °C. Calibration records include the reference thermometer’s certification, the
calibration date, and the observed deviation.
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Qualification of a bioreactor includes a performance qualification where the bioreactor is run under
simulated production conditions, and critical parameters such as pH, dissolved oxygen, and temperature are
monitored for stability. The PQ report documents that the bioreactor can maintain setpoints within the
defined limits for the entire production run.

Media Lot Testing may incorporate a “media performance index” (MPI), calculated as the ratio of the
observed cell growth rate to the expected growth rate for a reference media lot. An MPI of 1.0 indicates
identical performance, while values between 0.9 and 1.1 are generally acceptable. MPI values outside this
range trigger a review of media component quality.

Serum Testing often includes a “serum potency” assay, where the ability of the serum to support a defined
cell line's proliferation is measured. The assay may involve seeding cells at a low density and measuring
fold-increase over 72 hours. Results are compared to a reference serum, and only serum lots meeting or
exceeding the reference potency are approved for use.

Calibration of a spectrophotometer used for protein concentration determination is performed using a
series of standard solutions of known absorbance (e.g., bovine serum albumin standards). The instrument’s
absorbance readings are plotted against the known concentrations to generate a calibration curve, and the
linearity (R*>0.999) is verified before each analytical run.

Equipment Qualification for an automated cell counter includes a verification step where a known
concentration of microspheres is counted, and the measured concentration must be within 5% of the
expected value. This verification is performed after any software upgrade or major maintenance.

Incubator Validation also addresses the “door opening effect.” A study may be conducted where the
incubator’s temperature is recorded during a simulated series of door openings (e.g., 10 openings per hour).
The temperature deviation must not exceed +0.5°C to ensure that cell cultures are not subjected to thermal
shock.

Decontamination of a biosafety cabinet’s interior surfaces may involve a two-step process: first, a detergent
wipe to remove organic residues, followed by a VHP cycle to achieve sterilization. Validation of this process
includes measuring residual chemical levels to ensure they are below the safety threshold before the
cabinet is returned to service.

Waste Management procedures for liquid nitrogen waste require a dedicated container that is vented to
prevent pressure buildup. The container is inspected weekly for signs of leakage, and waste is transferred to
a certified cryogenic waste disposal service in accordance with local regulations.

Biosafety level compliance is verified through a series of inspections covering facility design, airflow
patterns, and PPE availability. A BSL-2 audit checklist may include items such as "hand-washing sink
available at entry,” "autoclave located within the containment area,” and “signage indicating BSL-2
restrictions.” Failure to meet any item results in a corrective action plan.

Training effectiveness is measured by tracking the number of deviations linked to procedural errors. A
reduction in deviation frequency after targeted training indicates that the training program is successful.
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Training records are stored electronically and are searchable for audit purposes.

Audit scope can be defined by risk, focusing on high-impact processes such as cell line authentication,
sterility testing, and release testing. Auditors use checklists derived from SOPs and regulatory guidelines,
and they interview personnel to assess understanding of critical procedures.

Proficiency Testing for flow cytometry viability assays may involve a set of blinded samples with known
percentages of live/dead cells. Laboratories analyze the samples and submit their calculated viability
percentages. Results are compared to the target values, and labs with deviations greater than +5 % must
review their gating strategy and instrument settings.

Inter-Laboratory Comparison of cell line differentiation protocols can highlight variations in reagent quality
or incubation times. By sharing detailed protocols and results, laboratories can identify best-practice steps
that improve reproducibility across sites.

Standard Reference Material for endotoxin testing includes a certified LPS standard at a known
concentration (e.g., 0.1 EU/mL). The standard is run alongside each test batch to confirm assay linearity and
sensitivity. Any drift in the standard’s response prompts a recalibration of the assay.

Calibration of CO, sensors used in incubators is performed by exposing the sensor to calibrated gas
mixtures (e.g., 4% CO,, 5% CO,) and adjusting the sensor output until it matches the known concentration
within 0.1 %. Calibration logs must include the gas mixture certification, the calibration date, and the
observed deviation.

Qualification of a laminar flow hood includes a smoke pattern test to visualize airflow uniformity. The test is
performed with a smoke generator placed at the front grille, and the airflow must sweep the work surface in
a laminar pattern without recirculation. The test report includes photographs and a pass/fail determination.

Media Lot Testing may also incorporate a “mycoplasma risk assessment” where the source of raw materials
is evaluated for potential contamination. Suppliers providing serum from high-risk regions may be required
to provide additional mycoplasma testing results. The risk assessment informs the decision to accept or
reject the lot.

Serum Testing for viral safety may involve next-generation sequencing (NGS) of the serum to detect any
unknown viral genomes. The NGS data are analyzed against a viral database, and any hits above a defined
read-count threshold must be investigated. This advanced testing is increasingly adopted for clinical-grade
serum.

Calibration of a pH meter used for media preparation is performed daily using fresh buffer solutions. The
meter's temperature compensation must be enabled, and the electrode’s condition is inspected for fouling.
Documentation includes the buffer lot numbers and the calibration values recorded.

Equipment Qualification for a centrifuge includes a speed verification test using a calibrated tachometer.
The centrifuge is set to its maximum speed (e.g., 20,000 rpm), and the measured speed must be within +1%
of the set value. The test is repeated at three different speeds to confirm linearity.
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Incubator Validation also requires a “temperature recovery” test after a simulated power outage. The
incubator is powered down for 30 minutes, then restored, and the time required for the temperature to
return to within 0.5 °C of the setpoint is recorded. Acceptance criteria may be a recovery time of

<15 minutes.

Decontamination of reusable plasticware such as culture flasks can be achieved by autoclaving at 121 °C for
30 minutes. Validation of the autoclave’s sterilization efficacy is performed using biological indicators placed
in the most challenging location of the autoclave (e.g., at the bottom of a packed load). Successful
sterilization is confirmed when the indicators show no growth after incubation.

Waste Management for chemical solvents used in media preparation must comply with local hazardous
waste regulations. Solvents are collected in labeled, sealed containers, and a waste manifest is generated for
each shipment to the disposal contractor. The manifest includes the type, volume, and hazard classification
of each waste stream.

Biosafety level compliance is reinforced by regular drills, such as spill response simulations. During a drill, a
mock contamination event is introduced, and staff must follow the emergency SOP, don appropriate PPE,
contain the spill, and decontaminate the area. Performance is evaluated, and deficiencies are recorded for
corrective action.

Training for aseptic technique may include a hands-on assessment where the trainee performs a simulated
media fill under a biosafety cabinet. The instructor evaluates the trainee’s use of flame, proper
hand-washing, and avoidance of cross-contamination. Successful completion is documented and linked to
the trainee’s competency file.

Audit reports are stored in a centralized document management system, where they are searchable by date,
auditor, and scope. The system tracks the status of corrective actions, providing real-time visibility to
management on the health of the QMS.

Proficiency Testing for cell line authentication may involve sending blinded DNA samples to participating
labs for STR profiling. Results are compared to the known genotype, and labs with mismatched profiles
must review their extraction and amplification procedures. Participation demonstrates the laboratory’s
capability to reliably authenticate cell lines.

Inter-Laboratory Comparison of cell culture media performance can be facilitated by a consortium of
laboratories that share data on cell growth rates, viability, and morphology using a common reference cell
line. Statistical analysis of the pooled data identifies
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