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Certified Specialist Programme in Cell Culture

Aseptic Technique in Cell Culture

Aseptic Technique
Key concept: A set of procedures designed to eliminate microbial contamination during cell culture work.
Related terms: Sterile Transfer, Laminar Flow Hood, Personal Protective Equipment. Explanation: The
technique relies on maintaining a sterile environment, using sterilized tools, and minimizing exposure of
cultures to ambient air. Practitioners work within a clean area, often a biosafety cabinet, and follow strict
hand‑washing, glove‑changing, and surface‑disinfection protocols. Example: When plating a new cell line,
the technician first wipes the work surface with 70 % ethanol, dons fresh gloves, and transfers the cell
suspension using a sterile pipette tip inside a Class II cabinet. Challenges: Human error, inadequate
equipment maintenance, and lapses in SOP adherence can introduce contaminants, leading to loss of
experiments or misinterpretation of data.

---

Biological Indicator
Quality check: A standardized microbial spore preparation used to verify the efficacy of sterilization
processes. Related terms: Autoclave Validation, Sterilization Monitoring, Indicator Organism. Explanation:
Biological indicators contain highly resistant spores (e.G., Geobacillus stearothermophilus) that survive
suboptimal sterilization; their subsequent growth indicates a failure. They are placed in sterilizers or
incubators after a run and examined for turbidity or colony formation. Example: After a daily autoclave
cycle, a technician places a biological indicator packet in the load; 24 hours later, the absence of growth
confirms a successful cycle. Challenges: Improper placement, expired indicators, or failure to interpret
results correctly can give false assurance of sterility.

---

Biosafety Cabinet
Primary workspace: A ventilated enclosure that provides personnel, product, and environmental protection
using HEPA‑filtered airflow. Related terms: Laminar Flow Hood, HEPA Filter, Negative Pressure. Explanation:
Class II cabinets draw air through a high‑efficiency filter, creating a laminar flow that sweeps contaminants
away from the work area. They also protect the user by preventing aerosol escape. Routine certification
ensures that airflow rates and filter integrity meet standards. Example: During viral vector production, the
scientist manipulates infectious material inside a biosafety cabinet, wearing gloves and a lab coat, while the
cabinet maintains a constant inward airflow of 0.5 M s⁻¹. Challenges: Over‑crowding the cabinet, frequent
door opening, or failure to perform proper decontamination cycles can compromise protection and
increase contamination risk.

---

Cleanroom
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Controlled environment: A designated area with regulated air quality, temperature, humidity, and
particulate levels to support aseptic cell culture. Related terms: ISO 14644, Airlock, Positive Pressure.
Explanation: Cleanrooms are classified by the number of particles per cubic meter (e.G., ISO 5). Airflow is
typically unidirectional, and entry is controlled through anterooms with gowning procedures. Surfaces are
regularly cleaned with validated disinfectants. Example: A cell‑therapy manufacturing facility operates a
ISO 7 cleanroom for media preparation, where technicians wear sterilized gowns, gloves, and shoe covers
before entering. Challenges: Maintaining certification, managing personnel traffic, and controlling
equipment that generates heat or particles require continuous monitoring and corrective actions.

---

Contamination Detection
Monitoring method: Techniques used to identify microbial presence in cell cultures, including visual
inspection, microscopy, and molecular assays. Related terms: Mycoplasma Testing, PCR Assay, Culture
Monitoring. Explanation: Early detection prevents widespread loss. Visual cues include turbidity, color
change, or abnormal cell morphology. Microscopic examination can reveal bacterial or fungal filaments.
Molecular methods like PCR amplify specific DNA sequences for rapid identification. Example: A laboratory
screens all newly received cell lines for mycoplasma using a PCR kit; a positive result triggers
decontamination or disposal. Challenges: Low‑level contamination may be missed, leading to delayed
response; molecular assays require careful handling to avoid false positives from environmental DNA.

---

Cryopreservation
Long‑term storage: The process of preserving cells at ultra‑low temperatures (typically –80 °C or liquid
nitrogen) to maintain viability over extended periods. Related terms: Freezing Medium, Thawing Protocol,
Viability Assessment. Explanation: Cells are suspended in a cryoprotective agent (commonly 10 % DMSO)
and cooled at a controlled rate (≈ 1 °C min⁻¹) to prevent ice crystal formation. Proper sealing and labeling
are essential for traceability. Example: A stem cell line is aliquoted into cryovials, placed in a controlled‑rate
freezer, and transferred to a liquid‑nitrogen tank for storage. Challenges: Inadequate cooling rates,
contamination of cryovials, and repeated freeze‑thaw cycles can reduce post‑thaw viability and alter cell
phenotype.

---

Decontamination
Sanitization step: The application of chemical or physical methods to destroy or remove contaminants from
surfaces, equipment, and waste. Related terms: Disinfection, Sterilization, UV Irradiation. Explanation:
Decontamination may involve alcohol wipes, bleach solutions, or autoclaving. Selection depends on the
target organism and material compatibility. Validation ensures the chosen method achieves the required log
reduction. Example: After completing a viral assay, the bench is sprayed with 0.5 % Sodium hypochlorite, left
for 10 minutes, then rinsed with sterile water before the next use. Challenges: Residual chemicals can affect
downstream experiments; some organisms (e.G., Spores) require more rigorous methods than standard
disinfectants provide.
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---

Disinfection
Surface sanitizing: The use of chemical agents to reduce microbial load on non‑sterile surfaces to a level
that does not threaten aseptic work. Related terms: Alcohol Wipes, Bleach Solution, Contact Time.
Explanation: Disinfectants are selected based on spectrum of activity, material compatibility, and required
contact time. Common agents include 70 % ethanol (effective against bacteria and many viruses) and 0.1 %
Sodium hypochlorite (broad‑spectrum). Example: Prior to media preparation, the technician wipes the
laminar flow hood interior with a 70 % ethanol-soaked cloth, allowing a 30‑second dwell before turning on
the airflow. Challenges: Inadequate contact time, dilution errors, or use on porous surfaces can reduce
efficacy, leading to hidden reservoirs of contaminants.

---

Environmental Monitoring
Facility surveillance: Systematic sampling and analysis of air, surfaces, and water to assess microbiological
quality within the cell culture environment. Related terms: Settling Plates, Air Sampler, Trend Analysis.
Explanation: Routine monitoring includes passive air sampling (settling plates), active air sampling
(volumetric collectors), and surface swabs. Data are plotted over time to detect deviations from baseline.
Example: Weekly, a technician places agar plates on the workbench for 4 hours; any colony growth is logged
and investigated. Challenges: False‑negative results from inadequate sampling volume, and interpreting
sporadic contamination events require robust statistical methods.

---

Equipment Calibration
Performance assurance: The process of verifying that instruments (e.G., Incubators, balances) operate within
specified tolerances. Related terms: Preventive Maintenance, Standard Operating Procedure, Traceability.
Explanation: Calibration ensures temperature, CO₂, humidity, and shaker speeds are accurate. Calibration
certificates are retained for audit purposes. Example: An incubator’s temperature probe is calibrated
monthly using a certified reference thermometer; any deviation beyond ±0.2 °C triggers corrective action.
Challenges: Calibration drift, delayed maintenance, and undocumented adjustments can introduce
variability in cell culture conditions.

---

Face Shield
Protective gear: A clear barrier worn over the face to protect against splashes, aerosols, and accidental
exposure to hazardous materials. Related terms: PPE, Lab Coat, Eye Protection. Explanation: Face shields are
used in conjunction with goggles or safety glasses. They must be cleaned after each use and stored in a
clean area. Example: During a protocol involving a high‑concentration detergent, the researcher wears a
face shield, goggles, and nitrile gloves to prevent skin and eye contact. Challenges: Fogging, improper fit,
and failure to replace damaged shields can compromise protection.

---
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Filtration
Physical barrier: The removal of microorganisms from liquids or gases using membrane filters with defined
pore sizes. Related terms: 0.22 Μm Filter, Gas‑Phase Filtration, Sterile Filtration. Explanation: Liquid filtration
through 0.22 Μm membranes removes bacteria and most fungi, while gas filtration (HEPA) removes particles
down to 0.3 Μm with >99.97 % Efficiency. Filters must be pre‑sterilized and used within validated time
frames. Example: Media is passed through a 0.22 Μm syringe filter into a sterile bottle under a laminar flow
hood before incubation. Challenges: Filter clogging, breach of integrity, and retaining endotoxins (which can
pass through the filter) are common issues.

---

Gloves
Barrier protection: Disposable hand coverings that prevent direct contact with contaminants and protect the
wearer from exposure. Related terms: Nitrile Gloves, Latex Allergy, Glove Change Frequency. Explanation:
Gloves are donned after hand hygiene and changed whenever they become torn, punctured, or after each
critical step. Double‑gloving is recommended for high‑risk procedures. Example: In a biosafety cabinet, the
technician wears a pair of nitrile gloves; after manipulating a cell suspension, the outer glove is removed
and a fresh pair is applied before the next step. Challenges: Permeability to certain solvents, reduced tactile
sensitivity, and inadvertent cross‑contamination when gloves are not changed appropriately.

---

HEPA Filter
Air purification: High‑Efficiency Particulate Air filter capable of trapping ≥99.97 % Of particles ≥0.3 Μm.
Related terms: Laminar Flow Hood, Cabinet Certification, Filter Integrity Test. Explanation: HEPA filters are
integral to biosafety cabinets and cleanrooms. They are periodically tested for leaks using aerosolized
particles and pressure decay methods. Failure to replace or certify filters can allow microbial ingress.
Example: After 12 months of use, a cabinet’s HEPA filter undergoes a leak test; any identified breach leads to
immediate filter replacement. Challenges: Filter degradation over time, damage during maintenance, and
improper installation can reduce filtration efficiency.

---

Incubator
Growth environment: A temperature‑controlled chamber that maintains optimal conditions (CO₂, humidity)
for cell proliferation. Related terms: Temperature Calibration, CO₂ Monitoring, Humidity Control.
Explanation: Incubators typically operate at 37 °C with 5 % CO₂ to buffer media pH. Humidity prevents
evaporation. Regular cleaning prevents biofilm formation. Example: A researcher sets the incubator to 37 °C,
5 % CO₂, and 95 % relative humidity, then loads flasks with freshly prepared medium. Challenges:
Temperature gradients, CO₂ spikes due to door opening, and condensation can affect cell growth and
experimental reproducibility.

---

Inoculation
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Cell introduction: The act of adding cells to a fresh culture vessel containing growth medium. Related terms:
Seeding Density, Passage, Cell Counting. Explanation: Accurate inoculation requires precise cell counting
(e.G., Hemocytometer or automated counter) and appropriate dilution to achieve desired confluency. Sterile
technique is essential to avoid introducing contaminants. Example: After trypsinization, 1 × 10⁶ cells are
resuspended in 10 mL of medium and transferred into a new flask under a laminar flow hood. Challenges:
Inaccurate cell counts, uneven distribution, and residual enzyme activity can lead to poor attachment or
over‑growth.

---

Laminar Flow Hood
Unidirectional airflow: A workbench that supplies filtered air in a parallel stream, protecting the product
from airborne contaminants. Related terms: HEPA Filter, Positive Pressure, Airflow Velocity. Explanation:
Unlike biosafety cabinets, laminar flow hoods do not protect the user from aerosols; they are used for
non‑hazardous aseptic work. The airflow velocity (0.3–0.5 M s⁻¹) must be verified regularly. Example: Media
preparation is performed in a laminar flow hood, where the technician pours sterilized broth into sterile
bottles without exposing it to room air. Challenges: Over‑crowding, blocking airflow with equipment, and
failure to certify the hood can compromise sterility.

---

Media Preparation
Solution formulation: The process of creating nutrient‑rich liquids that support cell growth, including
dissolution, pH adjustment, and sterilization. Related terms: Media Sterilization, Supplement Addition,
Filtration. Explanation: Powdered components are dissolved in distilled water, pH is set (typically 7.2–7.4),
And the solution is filtered or autoclaved. Supplements such as growth factors are added under aseptic
conditions after cooling. Example: A technician prepares Dulbecco’s Modified Eagle Medium (DMEM) by
dissolving the powder, adjusting pH to 7.3, Filtering through a 0.22 Μm filter, and adding 10 % fetal bovine
serum inside a biosafety cabinet. Challenges: Incomplete dissolution, pH drift, and contamination during
supplement addition can affect cell health and experimental outcomes.

---

Media Sterilization
Contamination removal: The application of heat, filtration, or radiation to eliminate microorganisms from
culture media before use. Related terms: Autoclave, Sterile Filtration, UV Irradiation. Explanation: Heat
sterilization (autoclaving) is suitable for most media components but may degrade heat‑labile supplements.
Filtration preserves nutrients while removing microbes. Validation ensures sterility. Example: After adding
heat‑sensitive vitamins, the media is filtered sterile through a 0.22 Μm membrane rather than autoclaved.
Challenges: Filter blockage, loss of nutrients during filtration, and incomplete sterilization can lead to
microbial growth in downstream cultures.

---

Mycoplasma Testing
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Contamination screening: Detection of mycoplasma species, which lack cell walls and can alter cell
metabolism without obvious signs. Related terms: PCR Assay, Culture Method, Enzyme‑Linked
Immunosorbent Assay. Explanation: Molecular methods (PCR) provide rapid results, while culture methods
are slower but can identify viable organisms. Routine testing (e.G., Monthly) is mandated for cell banks.
Example: A laboratory runs a PCR kit that amplifies the 16S rRNA gene of mycoplasma; a positive
amplification curve triggers decontamination procedures. Challenges: Low‑level infections may evade
detection; false positives from environmental DNA require confirmatory testing.

---

Personal Protective Equipment
Safety gear: Items worn to minimize exposure to hazards, including lab coats, gloves, goggles, and face
shields. Related terms: Gloves, Lab Coat, Eye Protection. Explanation: PPE selection depends on the risk
assessment of the procedure. Proper donning and doffing sequences prevent cross‑contamination. Training
ensures correct usage. Example: Before entering a biosafety cabinet, the technician dons a lab coat, nitrile
gloves, goggles, and a face shield, then performs a hand‑rub with an alcohol‑based sanitizer. Challenges:
Non‑compliance, reuse of disposable items, and inadequate training can reduce protective efficacy.

---

Positive Pressure
Airflow design: A condition where the interior pressure of a cleanroom or cabinet is higher than the
surrounding area, preventing ingress of unfiltered air. Related terms: Negative Pressure, Airlock, HEPA Filter.
Explanation: Positive pressure is achieved by supplying filtered air faster than it is exhausted. It forces air
outward through seams, reducing contaminant entry. Monitoring systems alarm if pressure drops. Example:
A ISO 5 cleanroom maintains a +10 Pa pressure differential relative to the surrounding corridor, ensuring
that any door opening does not admit external particles. Challenges: Pressure fluctuations caused by door
operation, equipment failures, or HVAC malfunction can compromise the barrier.

---

Quality Assurance
Systematic oversight: A set of coordinated activities designed to provide confidence that cell‑culture
processes meet predefined standards. Related terms: Quality Control, Standard Operating Procedure, Audit.
Explanation: QA encompasses document control, training, equipment qualification, and corrective action
management. It ensures traceability and reproducibility. Example: The QA department reviews batch records
for media preparation, confirms that all steps were logged, and verifies that the sterility test was performed.
Challenges: Inconsistent documentation, lack of training, and failure to close out non‑conformances can
erode product integrity.

---

Quality Control
Operational testing: The execution of specific tests and inspections to verify that materials and processes
meet quality specifications. Related terms: QC Release Testing, Environmental Monitoring, Batch Record
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Review. Explanation: QC activities include sterility testing of media, endotoxin assays, and verification of
cell‑line identity. Results are compared to acceptance criteria before release. Example: Before using a new
batch of fetal bovine serum, the QC analyst performs a mycoplasma PCR and a endotoxin LAL test; both
must be negative to approve the batch. Challenges: Delayed test results, out‑of‑specification findings, and
inadequate corrective actions can halt production and affect timelines.

---

Risk Assessment
Proactive analysis: The systematic identification and evaluation of potential hazards associated with
cell‑culture activities. Related terms: Hazard Identification, Mitigation Strategies, Safety Data Sheet.
Explanation: Risk assessments consider biological, chemical, and physical hazards, assigning likelihood and
impact scores. Controls are implemented to reduce risk to acceptable levels. Example: A risk assessment for
handling a lentiviral vector identifies aerosol generation as a high‑risk event; mitigation includes using a
Class II biosafety cabinet and wearing a respirator. Challenges: Over‑looking low‑probability events,
inadequate documentation, and failure to update assessments as processes evolve can lead to accidents.

---

Sharps Management
Safe disposal: The handling, containment, and disposal of needles, blades, and other sharp objects to
prevent injury and contamination. Related terms: PPE, Biohazard Container, Incineration. Explanation: Sharps
are placed immediately into puncture‑resistant containers; containers are sealed and removed according to
institutional protocols. Training emphasizes never recapping needles. Example: After drawing media into a
syringe, the technician discards the needle in a labeled biohazard sharps container located within the
biosafety cabinet. Challenges: Overfilled containers, improper segregation, and accidental needle sticks
increase occupational hazards.

---

Sterile Field
Designated area: A zone within the workspace where all items are sterilized and handled to maintain aseptic
conditions. Related terms: Laminar Flow Hood, Sterile Transfer, Disinfection. Explanation: The sterile field is
established by cleaning surfaces, arranging sterilized tools, and limiting entry of non‑sterile items. It is
monitored throughout the procedure. Example: In a laminar flow hood, the technician arranges sterile
pipette tips, culture flasks, and media bottles in a triangle, ensuring that no hand or forearm crosses the
field. Challenges: Accidental breach, clutter, and movement of non‑sterile objects into the field introduce
contamination pathways.

---

Sterile Transfer
Contamination‑free movement: The technique of moving cells, media, or reagents from one sterile
container to another without exposing them to the environment. Related terms: Sterile Field, Aseptic
Technique, Port‑Aperture Device. Explanation: Tools such as sterile syringes, pipettes, or port‑aided transfer
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devices are employed. The transfer is performed within a biosafety cabinet, maintaining a consistent airflow
pattern. Example: A researcher uses a sterile 5 mL syringe to withdraw culture medium from a bottle and
inject it into a new flask, all while the cabinet’s airflow remains uninterrupted. Challenges: Droplet formation,
air turbulence caused by rapid movements, and incomplete sterilization of transfer devices can jeopardize
sterility.

---

Standard Operating Procedure
Written instruction: A documented set of step‑by‑step instructions that describe how to perform a specific
task consistently. Related terms: Training, Documentation, Compliance. Explanation: SOPs cover everything
from media preparation to equipment cleaning. They include purpose, scope, responsibilities, safety
considerations, and detailed steps. Regular review ensures relevance. Example: The SOP for “Cell Line
Thawing” outlines the sequence: Retrieve vial, disinfect exterior, rapid thaw in 37 °C water bath, dilute in
pre‑warmed medium, and incubate. Challenges: Out‑dated SOPs, lack of staff adherence, and insufficient
detail can lead to procedural errors and variability.

---

Thawing
Cell recovery: The controlled warming of cryopreserved cells to restore viability and resume growth. Related
terms: Cryopreservation, Viability Assessment, Post‑Thaw Culture. Explanation: Vials are rapidly warmed in a
37 °C water bath, then gently mixed to avoid osmotic shock. Cells are transferred to pre‑warmed medium
and centrifuged if necessary to remove DMSO. Example: After 6 months of storage, a cryovial is placed in a
water bath for 1 minute, then the cell suspension is added to 10 mL of warm medium and seeded into a
flask. Challenges: Slow thawing can cause ice recrystallization; residual cryoprotectant may be toxic, and
improper handling can reduce post‑thaw recovery.

---

Training and Competency
Skill development: The systematic process of educating personnel on aseptic techniques and assessing their
proficiency. Related terms: Certification, Performance Evaluation, Continuing Education. Explanation:
Training includes theoretical modules, hands‑on practice, and competency assessments (e.G., Simulated
contamination scenarios). Documentation of training records is required for regulatory compliance.
Example: New hires complete a 2‑day workshop covering biosafety cabinet operation, glove changes, and
media preparation, followed by a competency test where they demonstrate a sterile transfer without
contaminating a control culture. Challenges: Infrequent refreshers, turnover, and inadequate assessment
tools can lead to skill decay and increased contamination incidents.

---

UV Irradiation
Physical decontamination: The use of ultraviolet light (typically 254 nm) to inactivate microorganisms on
surfaces and in air. Related terms: Surface Sterilization, Photolysis, Exposure Time. Explanation: UV
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germicidal lamps are installed in biosafety cabinets and air ducts. Effectiveness depends on distance,
intensity, and exposure duration. Over‑exposure can degrade plastic materials. Example: After completing a
culture, the cabinet’s UV lamp runs for 15 minutes while the sash is closed, reducing surface bioburden
before the next use. Challenges: Shadowed areas may harbor microbes; UV does not penetrate liquids, and
regular lamp replacement is necessary to maintain output.

---

Viability Assessment
Cell health check: Determination of the proportion of living cells within a population, typically after thawing
or before seeding. Related terms: Trypan Blue Exclusion, Flow Cytometry, Automated Cell Counter.
Explanation: Common methods involve dye exclusion (trypan blue) or fluorescent markers (propidium
iodide). Accurate assessment guides appropriate seeding densities. Example: Using an automated counter, a
technician records 85 % viability for a thawed stem cell line and adjusts the inoculation volume to achieve
the target confluency. Challenges: Improper dye concentration, delayed counting, and instrument
calibration errors can misrepresent viability, affecting downstream experiments.

---

Waste Disposal
Environmental safety: The segregation, containment, and disposal of biohazardous and chemical waste
generated during cell‑culture activities. Related terms: Biohazard Container, Incineration, Regulatory
Compliance. Explanation: Waste is classified (e.G., Infectious, chemical, sharps) and placed in appropriate
containers. Autoclaving may be required for infectious waste before removal. Documentation ensures
traceability. Example: Used culture plates are placed in a biohazard bag, sealed, and autoclaved at 121 °C for
30 minutes before disposal. Challenges: Improper segregation, over‑filled containers, and non‑compliance
with local regulations can result in fines and environmental hazards.

---

Work Surface Decontamination
Routine cleaning: The practice of cleaning and disinfecting benches, hoods, and other surfaces before and
after aseptic procedures. Explanation: A standard protocol may involve wiping with 70 % ethanol, allowing a
30‑second dwell, followed by a dry sterile wipe. The choice of disinfectant depends on the material and
target organisms. Example: Prior to media filtration, the technician sprays the laminar flow hood interior
with ethanol, wipes with a lint‑free cloth, and waits 60 seconds before turning on the airflow. Challenges:
Inadequate drying time, using incompatible disinfectants on sensitive equipment, and neglecting to clean
hard‑to‑reach areas can leave residual microbes.
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