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INTRODUCTION  

The Health Regulation Sector HRS being one of the leading sectors in the regulation of health 

was empowered under Law No. 6 for the year 2018, as amended, relating to DHA, to undertake 

several functions including but not limited to: 

• Developing regulation, policy, standards, and guidelines in order to improve quality and 

patient safety to facilitate growth and development of the health sector. 

• The licensure and inspection of facilities for care provision and individual providers. 

• and follow the best practices. 

• Handling patients' complaints and taking care of patients' and physicians' rights; 

• To govern the usage of narcotics, controlled, and semi-controlled medications; 

• Strengthening health tourism and ensuring continuous growth; and 

• Ensuring health informatics and e-Health management and promotion of innovation. 

The Standards for Molecular and Genomics Testing Laboratory Services aims to fulfill the 

following overarching Dubai Health Sector Strategy 2026: 

• Pioneering Human-centered health system to promote trust, safety, quality and care for 

patients and their families. 

• Make Dubai a lighthouse for healthcare governance, integration and regulation. 

• Pioneering prevention efforts against non-communicable diseases. 

• Foster healthcare education, research and innovation. 

• Strengthening the economic contribution of the health sector, including health tourism to 

support Dubai economy.  
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EXECUTIVE SUMMARY 

The Standards for Molecular and Genomics Testing Laboratory Services set requirements and 

guidance to establish and maintain high-quality molecular and genomics laboratories in Dubai. It 

ensures the quality, safety, and competence of laboratories for genomic testing. 

The document contains all essential elements: licensing and accreditation, laboratory design, 

quality management, safety protocols, and workflow optimization. It meets both local regulations 

and international standards, including ISO, CAP, and CLIA, ensuring the document reliability and 

credibility. 

The standards cover all aspects of laboratory operations, from specimen collection, 

transportation, analysis, and result validation, with detailed requirements on infrastructure, 

biosafety, waste management, and quality control. 

It also sets requirements for contemporary genomic technologies, including Next-Generation 

Sequencing – NGS and PCR-based methods, focusing on innovation, compliance, and risk 

management. 

Ultimately, the document aims at better outcomes in public health through ensuring higher 

standards in laboratory competencies, safety, and effective diagnostics and, consequently, 

supports Dubai Health Sector Strategy 2026. 
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DEFINITIONS 

Accreditation: A formal recognition that a laboratory meets established standards of quality and 

competence by an authoritative body. 

Analytical Sensitivity: The ability of a test to correctly identify the presence of an analyte (true 

positive rate). 

Analytical Specificity: The ability of a test to correctly identify the target analyte without cross-

reactivity or interference from other substances. 

Biosafety: The containment principles, technologies, and practices implemented to prevent 

unintentional exposure to biological agents or their accidental release. 

Bioinformatics: The use of computational tools and techniques to analyze and interpret biological 

data, especially in genomics. 

Calibration: The process of configuring laboratory equipment to provide accurate and 

reproducible results based on known standards. 

Clinical Genomics: The application of genome sequencing technologies to diagnose and manage 

patient health conditions. 

Data Integrity: The accuracy, completeness, and reliability of data throughout its lifecycle. 

De-identification: The process of removing personal identifiers from data to protect individual 

privacy while enabling its use in research or analysis. 



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 7 of 138 

 

Ethidium Bromide (EtBr): A chemical commonly used in molecular biology laboratories to 

visualize nucleic acids during electrophoresis, known for its mutagenic properties. 

Genetic Counselling: A communication process aimed at providing information, support, and 

guidance about genetic conditions, testing options, and their implications. 

Genomic Data: Information obtained from analysing an organism's genome (the complete set 

of its genetic material, which includes both DNA and RNA). This data typically consists of the 

nucleotide sequences that form the genome, offering insights into genes, mutations, regulatory 

regions, and other key genomic features. 

Good Laboratory Practices (GLP): A set of principles intended to ensure the quality and 

reliability of non-clinical laboratory studies. 

Germline Variant: A gene change in a body's reproductive cell (egg or sperm) that becomes 

incorporated into the DNA of every cell in the body of the offspring. Germline variants are passed 

on from parents to offspring. 

Informed Consent: A process where a patient agrees to a medical procedure or participation in 

research after being fully informed of the risks, benefits, and alternatives. 

Limit of Detection (LOD): The lowest amount of an analyte that a test can reliably detect but 

not necessarily quantify. 

Limit of Quantification (LOQ): The lowest amount of an analyte that can be quantitatively 

determined with acceptable accuracy and precision. 
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Next-Generation Sequencing (NGS): High-throughput sequencing technology that allows the 

rapid sequencing of entire genomes or targeted genomic regions. 

Personal Protective Equipment (PPE): Clothing and gear designed to protect laboratory 

personnel from exposure to hazardous materials. 

Pre-Analytical Phase: The stage of laboratory testing involving sample collection, transportation, 

and preparation before analysis. 

Proficiency Testing: A method of assessing the performance of a laboratory by comparing its 

results with those of peer laboratories using the same samples. 

Quality Control (QC): Procedures implemented to ensure laboratory tests consistently produce 

accurate and reliable results. 

Quality Management System (QMS): A structured framework of policies, processes, and 

procedures to ensure consistent quality in laboratory operations. 

RNA Integrity Number (RIN): A numerical value that reflects the quality and integrity of RNA in 

a sample, critical for reliable molecular analysis. 

Sanger Sequencing: A method of DNA sequencing based on selective incorporation of chain-

terminating nucleotides during replication. 

Somatic Variant: Refers to a variant in DNA that occurs before or during tumor development. 

This type of variant is not present within the germline (sperm and egg) 
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Standard Operating Procedure (SOP): A document detailing the specific procedures and steps 

required to perform a task consistently and accurately. 

Turnaround Time (TAT): The time taken from receiving a specimen to delivering the test results. 

Variant of Uncertain Significance (VUS): A genetic variant whose clinical implications are not 

well understood. 

Waste Management: Procedures and policies for the safe handling, segregation, and disposal of 

laboratory waste, including biohazardous materials. 

  



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 10 of 138 

 

ABBREVIATIONS  

ACMG : American College of Medical Genetics and Genomics 

AMP : Association for Molecular Pathology 

CAP : College of American Pathologists 

CLIA : Clinical Laboratory Improvement Amendments 

CLSI : Clinical and Laboratory Standards Institute 

DHA : Dubai Health Authority 

DUA : Data Use Agreement 

EMR : Electronic Medical Records 

EtBr : Ethidium Bromide 

FDA : Food and Drug Administration 

FPKM : Fragments Per Kilobase of transcript per Million mapped reads 

GDPR : General Data Protection Regulation 

HPSD : Health Policy and Standards Department 

HRS : Health Regulation Sector 

ISO : International Organization for Standardization 

LOD : Limit of Detection 
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LOQ : Limit of Quantification 

LIS : Laboratory Information System 

MSDS : Material Safety Data Sheets 

MTAs : Material Transfer Agreements 

NGS : Next-Generation Sequencing 

NIH : National Institutes of Health 

NIPT : Non-Invasive Prenatal Testing 

PCR : Polymerase Chain Reaction 

PGD : Preimplantation Genetic Diagnosis 

QC : Quality Control 

QMS : Quality Management System 

RIN : RNA Integrity Number 

RBAC : Role-Based Access Control 

SCC : Standard Contractual Clauses 

SNPs : Single Nucleotide Polymorphisms 

SOP : Standard Operating Procedure 

TAT : Turnaround Time 
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TE : Tris-EDTA Buffer 

TPM : Transcripts Per Million 

VUS : Variant of Uncertain Significance 

WHO : World Health Organization 
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1. BACKGROUND 

The Standards for Molecular and Genomics Testing Laboratory Services were developed to 

meet the growing need for high-quality laboratory services in Dubai. These standards are 

aligned with the Dubai Health Sector Strategy to promote a safe, reliable, and innovative 

healthcare system. 

2. SCOPE  

The standards apply to all molecular and genomics testing services in DHA-licensed health 

facilities. It does not apply to other types of genetic laboratories (such as cytogenetics or 

metabolic genetics). 

3. PURPOSE 

To assure provision of the highest levels of safety and quality Molecular and Genetics 

Laboratory services in Dubai Health Authority (DHA) licensed health facilities.  

Setting up and maintaining a molecular and genomic testing laboratory requires adherence 

to established standards and guidelines to ensure accuracy, reliability, and compliance with 

regulatory requirements. 

4. APPLICABILITY 

DHA licensed healthcare professionals and health facilities providing Molecular and Genetics 

Laboratory Services. 
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5. STANDARD ONE: LICENSING AND ACCREDITATION 

5.1. Regulatory Compliance 

Molecular laboratories must align their operations with all relevant DHA and UAE 

regulations. Regulatory compliance ensures laboratories meet foundational operational 

and safety standards, fostering trust in their services. 

5.1.1.  Alignment with DHA Standards: 

a. Laboratories should integrate the operational and safety requirements outlined in 

the DHA/HRS/HPSD/ST-28: Standards for Clinical Laboratory Services, which include 

laboratory design, biosafety protocols, and quality assurance systems. 

b. Data handling practices must follow the DHA/HRS/HPSD/GU-05: Guidelines for 

Patient Consent, ensuring the secure storage, transfer, and anonymization of 

patient and genetic data. 

5.1.2. Patient-Centered Practices: Informed consent must be obtained for all genetic and 

molecular testing procedures, in line with DHA/HRS/HPSD/GU-05: Guidelines for 

Patient Consent. These practices ensure patients are well-informed and 

empowered to make decisions regarding their care.  

5.1.3. The laboratory shall ensure that all patient data is documented as per the 

DHA Policy for Health Data Quality. 

5.1.4. Safety and Waste Management: Laboratories should implement robust waste 

management systems and adhere to DHA/HRS/HPSD/ST-28: Standards for 

https://www.dha.gov.ae/uploads/052023/Standards%20for%20Clinical%20Laboratory%20Services2023552664.pdf
https://www.dha.gov.ae/uploads/042024/Guidelines%20for%20Patient%20Consent%20V12024444801.pdf
https://www.dha.gov.ae/uploads/042024/Guidelines%20for%20Patient%20Consent%20V12024444801.pdf
https://www.dha.gov.ae/uploads/042024/Guidelines%20for%20Patient%20Consent%20V12024444801.pdf
https://www.dha.gov.ae/uploads/042024/Guidelines%20for%20Patient%20Consent%20V12024444801.pdf
https://www.dha.gov.ae/uploads/052023/Standards%20for%20Clinical%20Laboratory%20Services2023552664.pdf
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Clinical Laboratory Services for handling biohazard materials to minimize risks to 

staff and the environment.  

5.2. Local Licensing 

Obtaining a DHA license is an essential step for laboratories to operate within Dubai. 

The licensing process ensures that laboratories meet minimum operational and 

structural standards. DHA/HRS/HPSD/HP-12: Clinical Laboratory Accreditation  

5.2.1. Initial Licensing: Laboratories should apply for a DHA health facility license by 

demonstrating compliance with DHA’s operational and structural requirements. 

This includes zoning plans, infrastructure safety, and readiness for clinical 

operations. 

5.2.2. Ongoing Licensing Requirements:  

a. Licensing is tied to the laboratory’s ability to maintain compliance with DHA 

guidelines and international accreditation standards. Facilities shall prepare for 

regular reviews as part of the license renewal process. 

b. Integration of patient consent protocols and secure data handling practices 

should be a part of the licensing application to reflect patient-centered service 

delivery. 

5.2.3. Compliance with DHA Policies: Laboratories should align their operational 

workflows with DHA’s broader regulatory framework, ensuring a smooth licensing 

and operational process 

 

https://www.dha.gov.ae/uploads/052023/Standards%20for%20Clinical%20Laboratory%20Services2023552664.pdf
https://www.dha.gov.ae/uploads/042023/Clinical%20Laboratory%20Accreditation%20Final2023439271.pdf
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5.3. International Accreditation 

International accreditation demonstrates a laboratory’s commitment to high standards 

and global best practices. Molecular laboratories are strongly encouraged to pursue and 

maintain relevant accreditations to enhance service quality and credibility. 

DHA/HRS/HPSD/HP-12: Clinical Laboratory Accreditation 

5.3.1. Recommended Accreditation Standards:  

a. Molecular laboratories should seek accreditation under internationally 

recognized standards, such as ISO 15189 (Medical Laboratories). Accreditation 

from bodies like the College of American Pathologists (CAP), International 

Laboratory Accreditation Cooperation (ILAC), or the Foundation for the 

Accreditation of Cellular Therapy (FACT) is highly recommended. 

5.3.2. Key Organizations 

a. Clinical Laboratory Improvement Amendments (CLIA): Ensures quality 

laboratory testing in the U.S. CLIA certification is required for labs performing 

diagnostic tests. 

b. College of American Pathologists (CAP): Offers accreditation programs with 

detailed checklists for molecular pathology and genomics. 

c. ISO 15189: International standards for medical laboratories, emphasizing quality 

and competence. 

d. American Society for Clinical Pathology (ASCP): Provides guidance on laboratory 

best practices. 

https://www.dha.gov.ae/uploads/042023/Clinical%20Laboratory%20Accreditation%20Final2023439271.pdf
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e. FDA: Regulates in vitro diagnostic (IVD) devices and laboratory-developed tests 

(LDTs). 

5.4.  Accreditation Timeline and Maintenance:  

5.4.1. New laboratories shall initiate the accreditation process within two years of 

licensing. Existing laboratories should align their operations with accreditation 

requirements and plan for reaccreditation prior to the expiry of their current 

certification 

5.4.2. Laboratories shall ensure that all sections and units within their facilities are 

covered under the accreditation scope to maintain comprehensive quality 

assurance. 

5.5. Integration with Operational Standards: 

5.5.1. Accreditation processes should be aligned with DHA operational standards to 

ensure a seamless integration of local and international requirements. 

 

6. STANDARD TWO: LABORATORY DESIGN AND SAFETY REQUIREMENT  

6.1.  Facility Layout 

6.1.1.  Pre-Analytical Area: 

a. Separate room for nucleic acid extraction. 

b. Dedicated space for reagent preparation. 

6.1.2. Analytical Area: 

a. Unidirectional workflow to avoid cross-contamination. 
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b. Ventilated enclosures for handling volatile chemicals (e.g., phenol). 

6.1.3. Post-Analytical Area: 

a. Designated spaces for data analysis and storage of archival samples. 

6.2. Infrastructure 

The design of the laboratory infrastructure must focus on achieving optimal 

functionality, safety, and efficiency. It should aim to minimize contamination risks, 

streamline workflows, protect sample integrity, and ensure that any potential 

contamination is effectively contained to safeguard both personnel and the 

environment. 

6.2.1. Laboratories are encouraged to adopt the Integration of Sustainable and Eco-

Friendly Design Principles, including energy-efficient HVAC to reduce energy 

consumption, LED lighting, and the use of renewable energy sources where feasible. 

6.2.2. Zoning and Workflow Optimization 

a. Functional Zoning: 

i. Clearly defined zones must be established within the laboratory for activities 

such as sample reception, storage, processing, and disposal. 

ii. These zones should be visibly marked, and access should be controlled based 

on authorization levels to prevent cross-contamination and improve the 

efficiency of workflows. 

b. Workflow Design: 
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i. Laboratory benches, equipment, and storage areas should be arranged in a 

logical, unidirectional flow, beginning with sample reception and ending with 

result reporting. 

ii. This flow minimizes unnecessary movement, reduces the risk of sample mix-

ups, and ensures a seamless workflow. 

c. Dedicated Areas for High-Risk Samples: 

i. Dedicated areas must be provided for handling and processing high-risk or 

biohazardous samples. 

ii. A thorough risk assessment should guide this categorization, considering 

factors such as the type of work and the risk group of the samples. 

iii. Isolation barriers or enclosed workstations must be used as needed to 

manage these risks effectively and protect both personnel and the 

environment. 

6.2.3.  Ventilation and Air Quality Control 

a. Airflow Control: 

i. Proper airflow systems must be installed to prevent the spread of 

contaminants. 

ii. Areas handling potentially infectious materials, such as sample processing, 

DNA extraction, and biological waste collection, must operate under negative 

pressure with inward airflow. 
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iii. Clean areas, such as molecular reagent preparation rooms, should maintain 

positive pressure with outward airflow to ensure a sterile and contamination-

free environment. 

b. HEPA Filtration: 

i. High-efficiency particulate air (HEPA) filtration must be implemented in high-

risk zones to ensure effective contaminant removal. 

ii. Regular maintenance and timely replacement of filters are essential to 

maintain efficiency. 

iii. HEPA filtration is mandatory for exhaust air in negative pressure rooms and 

for supply air in positive pressure rooms to uphold environmental safety 

standards. 

c. Environmental Monitoring System: 

i. Continuous monitoring systems for temperature, humidity, and particle counts 

must be established in critical areas. 

ii. All readings should be documented, and automated alerts should be configured 

to promptly address any deviations from defined parameters. 

iii. The laboratory's core design should ideally include an automated 

environmental monitoring system. 

iv. Daily logs of temperature, humidity, and air quality must be maintained. 

v. All data should be reviewed for compliance with established standards, and any 

deviations must be addressed immediately to prevent risks. 
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6.3. Biosafety Protocols 

Laboratories must develop and strictly enforce biosafety protocols to ensure the 

safety of personnel and the secure handling of biological samples. 

6.3.1. Ensure availabitlity of emergency Power Backup Systems UPS (Uninterruptible 

Power Supply) and backup generators for critical equipment and ensure 

uninterrupted operation of sensitive equipment during power outages. 

6.3.2. Biosafety Risk Assessment 

a. Assessment Protocols:  

Each biological agent must undergo a thorough risk assessment to evaluate and 

categorize its biosafety risk. Assessments should consider factors such as 

infectivity, transmissibility, and the procedures involved. Tailored containment 

measures and personal protective equipment (PPE) requirements must be 

defined for each risk category. 

b. Emergency Protocols:  

Comprehensive incident response protocols must be in place to address 

exposure or spills. These protocols should include detailed steps for first aid, 

containment, and decontamination, as well as emergency contact numbers 

readily available in each laboratory zone. 

c. Spill Kits and Decontamination Stations:  

Provide spill kits in all high-risk zones, equipped with essential materials such 

as absorbents, disinfectants, and protective equipment. Conduct regular 
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training for personnel on proper spill response, containment, and cleanup 

procedures to ensure readiness. 

d. Emergency Showers and Eye Wash Stations: 

Emergency showers and eye wash stations must be installed in easily accessible locations within 

the laboratory. These stations must be maintained in functional condition, with regular 

inspections.  

6.3.3. Personal protective equipment (PPE)  

Adequate personal protective equipment (PPE) and comprehensive staff 

training are critical for safeguarding personnel. 

a. PPE Inventory and Access:  

Laboratory management must ensure a continuous and adequate 

supply of PPE, including gloves, gowns, masks, and face shields. PPE 

should be made readily available in all relevant zones. Dispensers and 

disposal containers must be strategically placed for easy access and 

proper waste management. 

b. Usage Protocols and Enforcement:  

Clear guidelines for mandatory PPE use must be established based on 

task-specific risks and exposure levels. Supervisors are responsible for 

conducting routine compliance checks and providing reminders or 

corrective measures as required to maintain adherence to safety 

protocols. 
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6.3.4. Biosafety Laboratory Design Requirements 

To ensure the safe handling of biohazardous materials, laboratories must 

comply with the following design specifications: 

a. Each laboratory room must be equipped with hands-free hand-washing 

basins, ideally located near exit doors to encourage proper hygiene. 

b. Laboratory access must be restricted to authorized personnel only. Entrance 

doors must include vision panels to prevent accidental collisions when 

opening, have suitable fire ratings, and ideally be self-closing to enhance 

safety. 

c. Doors leading to areas where biohazardous materials are stored or handled 

must be clearly marked with internationally recognized biohazard symbols to 

alert and protect personnel. 

d. Laboratory walls, floors, and furniture must be constructed from smooth, 

non-porous materials that are easy to clean and resistant to liquids, 

chemicals, and disinfectants commonly used in laboratory settings. 

e. Laboratory bench tops must be water-resistant and durable, capable of 

withstanding exposure to disinfectants, acids, alkalis, organic solvents, and 

moderate heat. 

f. Furniture must be functional and suitable for its intended purpose. Spaces 

beneath and between benches, cabinets, and equipment should be designed 

to allow easy access for thorough cleaning. 
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g. Laboratories must be equipped with adequate lighting to ensure proper 

illumination for all tasks. Where possible, natural daylight should be utilized 

to conserve energy, while minimizing glare and reflections. Emergency lighting 

must be sufficient to safely stop ongoing work and navigate exits in case of 

an emergency. 

h. Ventilation, including heating and cooling systems, must maintain safe and 

consistent airflow. Airflow speeds and directions must be carefully controlled 

to avoid turbulence, even in naturally ventilated laboratories, ensuring a safe 

working environment. 

i. Laboratories must provide sufficient storage to organize supplies needed for 

immediate use, keeping bench tops and walkways clear of clutter. Additional 

long-term storage solutions outside the laboratory should be considered for 

less frequently used items. 

j. Dedicated facilities must be available for the secure handling and storage of 

chemicals, solvents, radioactive materials, and compressed or liquefied gases 

to ensure safety and compliance with regulatory requirements. 

k. Designated areas outside the laboratory must be provided for storing food, 

drinks, personal belongings, and outerwear to maintain hygiene and safety 

within the laboratory. 

l. Separate facilities for eating and drinking must be arranged outside the 

laboratory to prevent contamination and ensure personal safety. 
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m. Laboratories must be equipped with well-stocked and easily accessible first-

aid facilities to address potential injuries promptly. 

n. Essential decontamination resources, such as autoclaves and disinfectants, 

must be located conveniently near the laboratory to ensure quick and 

effective sterilization and cleaning when needed. 

o. Waste management strategies must be incorporated into the laboratory 

design. These strategies should include systems to handle fire safety, 

electrical emergencies, and incident response, based on comprehensive risk 

assessments. 

p. Laboratories must be equipped with dependable electricity and lighting 

systems to support safe operations and ensure visibility for emergency exits. 

Backup power systems should be considered to address potential outages. 

q. Emergency preparedness plans must be tailored to local risk assessments and 

environmental factors, including geographical and meteorological conditions, 

to ensure effective responses to potential hazards. 

r. Laboratory designs must account for fire safety requirements and assess the 

potential risks of flooding. Mitigation measures should be implemented to 

minimize these risks and ensure the safety of personnel and infrastructure. 

 

6.4. Waste Management 
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Surfaces or materials that are, or may be, contaminated with biological agents during 

laboratory work must be managed carefully to minimize biological risks. Effective 

biosafety practices require identifying and separating contaminated materials before 

decontamination or disposal. If decontamination cannot be done onsite, the waste must 

be securely packaged in approved leak-proof containers for transfer to a facility equipped 

for proper decontamination. 

6.4.1. Laboratory Waste Categories and Their Treatment Methods 

b. Uncontaminated (Non-Infectious) Material: Can be reused, recycled, or 

disposed of as regular municipal waste. 

c. Contaminated Sharps (e.g., needles, scalpels, broken glass):  

Must be collected in puncture-resistant, covered containers and treated as 

infectious waste. 

d. Contaminated Materials for Reuse or Recycling:  

Require decontamination (Autoclave) followed by thorough washing. Once 

cleaned, they can be treated as non-infectious material. 

e. Contaminated Materials for Disposal:  

Should be decontaminated onsite or safely stored for transport to a facility 

equipped for proper disposal. 

f. Contaminated Materials for Incineration:  

Must either be incinerated onsite or securely stored for transportation to an 

incineration facility. 
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g. Liquid Waste (Including Potentially Contaminated Liquids):  

Should be decontaminated before being disposed of into the sanitary sewer 

system. 

h. Chemical Waste 

i. Must be collected in appropriate, clearly labelled containers. 

ii. Should not be mixed unless compatibility is confirmed to avoid reactions. 

iii. Must be disposed of in accordance with DHA hazardous waste disposal 

regulations, through a licensed chemical disposal service. 

i. Carcinogenic Waste (Including Ethidium Bromide) 

i. Should be handled with extreme caution, using clearly labelled, sealed 

containers to prevent accidental exposure. 

ii. Carcinogenic waste must be incinerated at high temperatures in specialized 

facilities to ensure complete destruction. 

iii. Always use appropriate PPE and follow strict handling and disposal protocols. 

iv. Ethidium Bromide (EtBr) Disposal: 

• Aqueous Solutions: Treat with a commercial EtBr deactivation agent or 

chemically neutralize (e.g., using hypophosphorous acid and sodium 

nitrate) before disposal in accordance with local wastewater regulations. 

• Agarose Gels: Collect gels in leak-proof biohazard bags or containers and 

dispose of them via incineration or through a licensed hazardous waste 

contractor. 
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• Contaminated Materials (e.g., gloves, pipette tips): Collect in labelled 

hazardous waste containers and dispose of through a certified hazardous 

waste service. 

7. STANDARD THREE: LABORATORY WORKFLOW 

7.1. Pre-Analytical Procedures 

7.1.1. Specimen Collection  

a. Clinical sample collection from various human sources is a critical step in 

molecular and genomics testing, as the quality of the sample directly impacts 

the accuracy of the results.  

b. Common sources for these samples include blood, saliva, urine, stool, tissue 

biopsies, swabs (nasal, throat, or wound), cerebrospinal fluid (CSF), and 

sputum. Each sample type requires specific collection techniques and 

appropriate containers to preserve the integrity of the genetic material.  

c. For example, blood samples may be collected in EDTA tubes to prevent 

coagulation, while tissue biopsies should be immediately placed in a 

preservation solution to prevent degradation. 

d. Precautions and preparations for safe and effective sample collection include 

proper patient identification, ensuring sterile collection equipment, and 

adhering to correct sample volumes to avoid contamination or inadequate 

DNA/RNA yield.  
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e. Personal protective equipment (PPE) such as gloves, lab coats, and face shields 

should be worn to minimize exposure to potentially infectious materials.  

f. It is essential to label all samples correctly with clear identifiers, including 

patient details, sample type, and date of collection, to prevent mix-ups and 

ensure traceability.  

g. For molecular and genomics testing, samples should be processed and stored 

as quickly as possible, with consideration for factors such as temperature and 

time to avoid nucleic acid degradation.  

h. Samples that cannot be immediately processed should be frozen or preserved 

under conditions that prevent loss of genetic material.  

i. Additionally, staff involved in sample collection and handling should be 

adequately trained in biosafety protocols, and spill kits must be available for 

any accidental contamination or exposure. 

7.1.2. Specimen Transportation: 

Specimens containing biological agents, including infectious substances, may need 

to be transported across various locations, including between rooms, labs, or even 

different cities or countries. The goal is to minimize exposure or release during 

transit, safeguarding personnel, the public, and the environment. Safe transport 

procedures are outlined to prevent spills or accidents. 

a. In-Laboratory Transport:  



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 30 of 138 

 

When moving specimens within the laboratory, standard safety practices 

should be followed. Secure, leak-proof containers, smooth trays, and trolleys 

for stable handling are recommended to prevent spills. Ensure that spill kits 

are available, and personnel are trained to handle emergencies. 

b. Intra-Building Transport:  

Transferring of potentially infectious materials between rooms or 

departments within a building should minimize transit through public areas. 

Containers must be labelled, and surfaces should be decontaminated before 

leaving the lab. Biohazard symbols should be used when necessary, especially 

for higher-risk agents. 

c. Pneumatic Tube Systems:  

Pneumatic tube systems can offer a fast, safe method for transporting 

specimens across a site. Personnel must be trained to evaluate the suitability 

of specimens for this system, ensuring secure packaging to prevent any risk of 

exposure. 

d. Transfer Between Buildings:  

To minimize the risk of leakage, containers should be sealed, and absorbent 

materials should be used between layers of packaging. Rigid, durable outer 

containers, such as plastic boxes or coolers, are ideal for inter-building 

transfers. Proper labelling and advance notifications are also essential for safe 

handling. 
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e. Off-Site Transport of Clinical Samples:  

Sometimes, clinical samples need to be sent off-site for processing or storage. 

Regulations classify potentially infectious materials as dangerous goods, and 

additional safety measures are required depending on transport mode, the 

presence of other dangerous goods, and specific country regulations. 

Compliance with national and international guidelines is critical for safe off-

site transport. 

7.1.3. Regulation of Infectious Material Transport: 

Transport regulations, based on UN guidelines, must be regularly consulted to 

ensure up-to-date compliance with packaging, labelling, and handling 

standards. 

a. Triple Packaging for Clinical Samples:  

i. Infectious substances must be transported using a triple packaging system: a 

leak-proof, labelled primary container with absorbent material; a protective 

secondary container; and a rigid outer container for physical protection. 

Coolants like dry ice must be used per safety guidelines. Proper labelling and 

documentation identifying the substance, sender, and recipient are mandatory. 

ii. Category A materials require P620-compliant packaging with pressure and 

drop resistance tests, while Category B and exempt specimens use the less 

stringent P650 system. Regularly consult regulations to ensure compliance 

and safe transport practices. 
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7.1.4. Specimen Receipt and Storage:  

All received specimens must be clearly identified with collection details and 

required tests. Trained staff must handle specimens safely, inspect packages for 

compliance and integrity, and manage breaches using disinfection and a 

biological safety cabinet (BSC). Issues must be reported to the sender and 

courier. Documentation should be stored separately in waterproof envelopes, 

and high-volume laboratories should designate a dedicated specimen reception 

area. 

b. Acceptance criteria:  

To be accepted for testing, the sample must meet the following conditions: 

i. Proper Identification:  

• The sample must be labelled with at least two unique identifiers (e.g., 

patient name, hospital ID, or sample barcode). 

• The labelling must match the accompanying requisition form. 

ii. Correct Collection and Preservation 

• Collected using the appropriate method (e.g., sterile collection for blood, 

swabs, tissue, or DNA/RNA material). 

• Stored in suitable containers for molecular/ genomic analysis: 

o DNA Analysis: EDTA tubes, dried blood spots, or sterile tubes for 

extracted DNA. 

o RNA Analysis: RNase-free tubes or media like RNA stabilizing agents. 
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iii. Maintained at the recommended temperature: 

• Fresh samples: Kept refrigerated (2–8°C) if processed within 48 hours. 

• Long-term storage: Frozen at –20°C or –80°C, depending on assay 

requirements. 

iv. Adequate Volume or Quantity 

The sample must meet the minimum volume/quantity required for the assay: 

• Whole blood: Typically 1–5 mL. 

• Extracted DNA: ≥50 ng with an A260/A280 ratio of ~1.8. 

• Extracted RNA: ≥100 ng with an A260/A280 ratio of ~2.0. 

v. Sample Integrity 

• The sample must not show signs of contamination, leakage, hemolysis, or 

improper preservation. 

• Extracted genetic material (DNA/RNA) must not be degraded. This can be 

verified through quality checks like gel electrophoresis or 

spectrophotometry. 

vi. Proper Documentation 

A fully completed requisition form must accompany the sample, specifying: 

• Patient details. 

• Test requested. 

• Date and time of collection. 

• Collector’s name or initials. 
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• Relevant clinical information. 

vii. Compliance with Transport and Packaging Guidelines 

• Transported under recommended conditions (e.g., temperature-controlled 

shipment for RNA/DNA samples). 

• Proper packaging to prevent contamination or leakage during transit. 

c. Rejection Criteria 

i. Improper Labelling or Missing Documentation 

• Unlabelled or improperly labelled samples. 

• Discrepancies between the sample label and the requisition form. 

• Missing or incomplete requisition form. 

ii. Incorrect Collection Method 

• Collected in the wrong container (e.g., heparin tubes for DNA assays, which 

inhibit PCR). 

• Use of expired or unsuitable collection media. 

iii. Degraded or Contaminated Samples 

• Physical signs of contamination or leakage. 

• Degraded genetic material (e.g., low purity or significant fragmentation). 

• Hemolysis in blood samples affecting downstream processing. 

iv. Insufficient Volume/Quantity 

• Volume or amount below the assay’s minimum requirements. 

• Inadequate concentration or quality of extracted nucleic acids. 
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v. Improper Transport or Storage 

• Delays in transportation leading to degradation. 

• Exposure to extreme temperatures or conditions outside the specified 

range. 

vi. Expired Sample Collection Timeline 

Samples collected beyond the acceptable time frame 

for stability: 

• RNA samples older than 24–48 hours if not stabilized. 

• DNA samples older than 7 days if improperly stored. 

vii. Non-Compliance with Test Requirements 

• Sample type not compatible with the assay (e.g., tissue for a test requiring 

blood or vice versa). 

d. Exceptions and Special Cases 

i. Direct genetic material (DNA/RNA) may be accepted with deviations from 

standard protocols if validated by the submitting facility, provided it meets 

the minimum quality and quantity requirements. 

ii. Rare or irreplaceable samples (e.g., biopsies from critically ill patients) may be 

processed under advisory, with appropriate disclaimers on the final report. 

7.1.5. Sample storage: 

Specimens should be stored in strong, leak-proof, properly labelled plastic 

containers free of external contamination and suitable for the required storage. 
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For liquid nitrogen storage, use cryogenic-safe tubes to prevent breakage or 

explosions from nitrogen entry. Always wear thermal gloves, an apron, and a visor 

for protection when handling liquid nitrogen. 

7.1.6. Inactivating specimens 

Inactivation methods must be properly validated before being applied to 

specimens, whether upon receipt or prior to transferring them to other areas for 

processes like PCR analysis. 

7.1.7. Nucleic Acid Extraction 

a. General Requirements for Nucleic Acid Extraction 

i. Sample Suitability 

• Verify the sample type, quantity, and quality before proceeding with 

extraction. 

• Ensure samples are stored and handled as per recommended conditions 

(e.g., frozen, RNase-free, or DNase-free environments). 

ii. Workstation and Environment 

• Perform extractions in a clean, dedicated workspace to avoid 

contamination. 

• Use laminar flow hoods or biosafety cabinets for handling potentially 

infectious material. 

• Ensure the workspace is free of RNases, DNases, and other contaminants. 

iii. Personnel and Training 
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• Personnel should be adequately trained in the extraction protocols and 

handling of hazardous chemicals and biological materials. 

iv. Reagents and Consumables 

• Use reagents, kits, and consumables that are validated for the specific test. 

• Store reagents at appropriate temperatures and avoid cross-

contamination. 

• Use RNase- and DNase-free pipette tips, tubes, and consumables for RNA 

or DNA work. 

b. Pre-Extraction Preparation 

i. Sample Processing 

• Thaw samples on ice if stored at –20°C or lower. 

• Homogenize tissue or cell samples to ensure complete lysis. 

ii. Positive and Negative Controls 

• Include extraction controls to monitor the efficiency and quality of the 

process. 

• Use a negative control (no template) to check for contamination during 

extraction. 

iii. Nucleic Acid Extraction Methods 

• Select the method based on the sample type, downstream application, and 

sensitivity requirements. Common methods include: 

iv. Manual Extraction 
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• Use phenol-chloroform methods for high-purity extractions, especially for 

archival samples. 

• Opt for silica-based spin column kits for fast and efficient extraction. 

v. Automated Extraction 

• Employ automated extraction systems for high-throughput testing to 

ensure reproducibility and reduce contamination risk. 

• Magnetic Bead-Based Extraction 

• Suitable for high-quality DNA/RNA and scalable applications like next-

generation sequencing (NGS). 

c. Quality Control Post-Extraction 

i. Purity and Concentration Assessment 

• Measure nucleic acid concentration using spectrophotometry (e.g., 

Nanodrop) or fluorometry (e.g., Qubit). 

• Assess purity using the A260/A280 ratio (DNA: ~1.8 and RNA: ~2.0) 

• Verify A260/A230 ratio (should be ~2.0 for both DNA and RNA). 

ii. Integrity Assessment 

• For RNA: Use capillary electrophoresis (e.g., Agilent Bioanalyzer) to 

confirm RNA Integrity Number (RIN >7 is ideal). 

• For DNA: Check integrity by running an agarose gel. 

iii. Contamination Checks 
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• Screen for inhibitors (e.g., EDTA, heparin) that may affect downstream 

processes. 

d. Handling RNA 

i. RNase-Free Environment 

• Use RNase-free consumables and reagents to prevent degradation. 

• Decontaminate work surfaces with RNase-deactivating agents. 

ii. RNA Stabilization 

• Process RNA samples immediately after collection or store in RNA 

stabilizing reagents. 

e. Post-Extraction Storage 

i. Short-Term Storage 

• Store extracted nucleic acids at 4°C for immediate use (within 24–48 

hours). 

ii. Long-Term Storage 

• DNA: Store at –20°C or –80°C in TE buffer or nuclease-free water. 

• RNA: Store at –80°C in RNase-free tubes with stabilizing agents if 

possible. 

f. Record Keeping 

i. Documentation 

• Record sample details, extraction date, method used, and quality control 

results. 
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• Maintain a chain of custody for traceability. 

ii. Archiving 

• Archive a portion of the extracted nucleic acids when possible for future 

re-testing or validation. 

7.1.8. Troubleshooting and Repeat Extraction 

g. Re-extract samples if: 

i. Purity ratios or integrity checks fail. 

ii. Inhibitors are detected that affect downstream assays. 

h. Optimize protocols for challenging samples (e.g., degraded or low-volume 

samples). 

7.2. Analytical Procedures 

7.2.1. General Guidelines 

a. Ensure that the test has a clear clinical application and can provide meaningful 

information for patient care. 

b. The test should be accurate, reliable, and reproducible. 

c. The test should be able to accurately identify the intended target and have a 

proven correlation with the clinical condition. 

d. Only trained and qualified personnel are authorized to perform the procedure, 

analyse data, and interpret results related to molecular practices in the facility. 
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e. Document all components, procedures, maintenance reports, data, analyses, 

and results. Ensure records are retained, monitored, and reviewed regularly 

according to applicable international standards. 

7.2.2. Testing Methods: 

a. Electrophoresis:  

Maintain records of gel type and concentration based on sample and target size, 

use an appropriate ladder for size estimation, and follow established procedures 

for selecting compatible stains and dyes. Capture clear images with proper 

exposure settings, ensuring accurate analysis of bands based on intensity and 

size compared to the ladder. 

b. In Situ Hybridization:  

The facility designs and validates specific fluorescent probes for target regions, 

optimizing hybridization conditions (temperature, time, probe concentration) 

and including positive and negative controls for reliable results. A fluorescence 

microscope with appropriate filters is used to visualize probes, and images are 

captured with proper exposure settings to prevent signal saturation or loss.  

c. Western Blotting:   

Records of protein quantification using Bradford or BCA assays ensure equal 

loading. Established procedures guide gel concentration selection, equal 

protein loading, and optimized running conditions. Proteins are transferred to 

membranes (e.g., PVDF or nitrocellulose) via electroblotting under optimal 
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conditions. Membranes are blocked to prevent non-specific antibody binding, 

followed by incubation with primary and secondary antibodies, and appropriate 

washing to reduce background. Protein bands are visualized using 

chemiluminescent or fluorescent detection, with images captured using 

optimal exposure settings. 

d. PCR Techniques:  

The following provide a framework for conducting qPCR, RT-PCR, Digital PCR, 

and Multiplex PCR effectively. 

i. qPCR: Document the extraction and quality assessment of DNA or RNA to 

ensure suitability for PCR analysis. Establish a policy for selecting specific, 

efficient primers that target only intended sequences. Record the preparation 

of the qPCR reaction mixture, including controls (NTC and positive controls), 

and optimize cycling conditions while collecting fluorescence data during the 

extension phase. Keep records of PCR results, either via gel electrophoresis or 

real-time data, generate a standard curve for quantification, and assess Ct 

values to determine the target nucleic acid amount. 

ii. RT-PCR: Establish a procedure for isolating high-quality RNA, ensuring the 

removal of genomic DNA, and confirm RNA integrity through gel 

electrophoresis or a bioanalyzer. Document the selection of an appropriate 

reverse transcriptase enzyme and the choice of oligo(dT) primers or random 

hexamers based on the target and experiment objectives. 
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iii. Droplet digital PCR: Extract and assess nucleic acids for purity and integrity 

using spectrophotometry (e.g., NanoDrop) or fluorometry (e.g., Qubit), and 

ensure the use of high-quality reagents with primers and probes specific to 

the target sequence. Partition the sample into thousands of individual 

reactions for precise quantification, optimize cycling conditions for the dPCR 

platform, and perform absolute quantification by counting positive partitions 

using the Poisson distribution model, with NIST-recommended standards for 

validation. 

iv. Multiplex PCR: Maintain records of primer design to ensure they have the 

same annealing temperature and are specific to their target regions to avoid 

cross-reactivity. Verify the potential for primer-dimer formation between 

primer pairs and follow a procedure for using a multiplex PCR master mix for 

efficient amplification of multiple targets. Optimize cycling conditions to 

amplify all targets efficiently and use the appropriate detection method (e.g., 

fluorescence, electrophoresis) for accurate visualization and quantification. 

e. Sanger Sequencing:  

By adhering to strict protocols and quality control, the facility ensures Sanger 

sequencing remains a reliable method for DNA analysis, particularly for 

targeted sequencing and NGS validation.  

i. Library Preparation and Amplification: Optimize PCR for the target region, 

ensuring product purification to remove primers, excess nucleotides, and 
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enzymes before sequencing. Use high-quality, specific primers that are 

verified and optimized to avoid errors, and ensure the DNA is intact, high 

molecular weight, and free from inhibitors or contaminants that could affect 

PCR or sequencing. 

ii. Sequencing Reaction and Cleanup Setup: Use high-quality primers, DNA 

polymerase, dNTPs, and ddNTPs, along with the appropriate amount of PCR 

product (e.g., 25–50 ng). Optimize primer and enzyme concentrations and 

adjust the reaction volume as needed (typically 10–20 µL). Purify the reaction 

by removing unincorporated nucleotides and enzymes using appropriate 

cleanup methods, such as column purification or enzymatic cleanup (e.g., 

ExoSAP-IT). 

iii. Sequencing Run: Calibrate the sequencer, ensure reagents are in good 

condition, load samples properly, and set the correct parameters (e.g., read 

length, dye set). Optimize for the target size and desired read quality (e.g., 

300-1000 base pairs) and monitor the run to ensure good data quality and 

signal integrity. intensity and peak clarity. 

iv. Data Quality, Analysis and Interpretation: Review raw data for accuracy, 

ensuring Phred scores are satisfactory (e.g. >20), and check for issues like 

weak peaks, overlap, or primer/adapter contamination. Align sequences to a 

reference to detect mutations and compare for genetic variants (SNPs, 

indels). Interpret results based on clinical or research objectives, using 
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databases (e.g., ClinVar, dbSNP) to assess variant significance, and validate 

uncertain variants with alternative methods or further studies. 

f. Next Generation Sequencing (NGS):  

It is essential to ensure that nucleic acids are of high quality and free from 

contaminants for accurate sequencing. The facility must follow standardized 

protocols for library preparation, sequencing, and data analysis to ensure 

reliable and reproducible results. Thorough quality control (QC) is performed 

at each step (e.g., sample prep, library prep, sequencing) and in the 

bioinformatics pipeline to prevent errors and false positives. Trained 

professionals must conduct and interpret the procedures and results according 

to established guidelines, providing clinically relevant information in reports. 

The section responsible for the success of an NGS procedure are as follows: 

i. Wet Laboratory: 

• Library Preparation: Document all components of the library preparation 

process, including DNA/RNA fragmentation, adapter addition, and 

amplification. Use high-quality, platform-specific adapters for efficient 

ligation to DNA/RNA fragments and amplify the library using optimized 

PCR conditions to reduce bias and over-amplification. Validate library size 

distribution with a bioanalyzer and quantify the library using Qubit or qPCR 

to ensure sufficient material for sequencing. 
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• Sequencing Setup: Select the appropriate NGS platform based on the 

application (e.g., high-throughput, short or long reads), determine the 

required sequencing depth (e.g., 30X for whole genome sequencing, 50-

100 million reads for RNA-Seq), and consider factors like genome size, 

region complexity, and expected data volume. Perform a final check on the 

libraries, calibrate the sequencer, and ensure all reagents are prepared. 

• Sequencing Run: Load the library onto the sequencing platform according 

to the manufacturer's instructions, ensuring optimal data quality. Monitor 

the sequencing run in real time to maintain expected data quality, and 

document the run type and turnaround time, as sequencing times may vary 

by platform and read length. 

ii. Bioinformatics (Post-Sequencing Data Handling): 

• Data Quality Control: Use tools like FastQC to check the raw sequence data 

quality. Ensure that key metrics, such as read quality scores, GC content, 

adapter contamination, and read length distribution, meet acceptable 

thresholds. 

• Data Processing: Remove low-quality bases, adapter sequences, and reads 

that don't meet quality thresholds. 

• Alignment and Mapping: Align sequence reads to a reference genome or 

transcriptome using appropriate tools (e.g., BWA, Bowtie2, STAR for RNA-
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Seq, or Minimap2 for long reads), ensuring the reference is indexed and 

alignment settings are optimized for accuracy. 

• Variant Calling: Call variants (SNPs, indels, structural variants) using tools 

like GATK, FreeBayes, or Samtools, and filter them based on quality scores 

and coverage depth. 

• Expression Quantification (RNA Seq): Quantify gene or transcript 

expression using tools like HTSeq, Cufflinks, or Salmon, and normalize the 

data for sequencing depth and sample size (e.g., TPM, FPKM). 

iii. Data Analysis and Interpretation: 

• Differential Analysis: Use statistical methods like DESeq2 or EdgeR to 

compare expression levels between conditions (e.g., for RNA-Seq 

differential expression). 

• Functional Annotation: Annotate variants or differentially expressed genes 

using databases like dbSNP, GENCODE, or Ensembl. 

• Integration with Other Data Types: Combine NGS data with other omics 

data (e.g., proteomics, metabolomics) or clinical information to gain 

insights into biological mechanisms or diseases. 

• Statistical Significance: Validate results using statistical tests to ensure 

findings are not due to random variation (e.g., p-value correction). 

iv. Data Storage and Management: 
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• Data Storage: Store raw and processed sequencing data securely with 

sufficient capacity, using cloud solutions (e.g., Amazon S3, Google Cloud) 

or institutional systems for long-term storage. Document IT infrastructure 

and assign responsibilities for protecting bioinformatics pipelines and 

analysed data. 

g. Array-Based Technologies:  

The facility offers guidelines to ensure the accuracy, reliability, and 

quality of results from array-based technologies, such as microarrays 

and high-throughput platforms, commonly used in molecular 

diagnostics and research. Key factors for successful implementation 

include: 

i. Array Platform: Select the appropriate array platform based on the clinical or 

research application (e.g., DNA, RNA, or protein arrays), use high-quality 

reagents for hybridization, amplification, and detection, ensuring they are 

properly stored and within expiry, and validate the platform and reagents for 

performance, sensitivity, specificity, and consistency across runs. 

ii. Hybridization and Data Collection: Follow the manufacturer's instructions for 

hybridization, optimizing temperature, time, and reagent concentrations for 

specificity and low background, while using negative and positive controls to 

monitor assay performance. Ensure accurate data collection with calibrated 

and well-maintained systems. 
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iii. Data Analysis and Interpretation: Perform quality control by checking signal 

intensity, noise, and outliers, normalizing technical variations, and using 

validated bioinformatics tools for tasks like differential expression, CNV 

detection, and mutation identification. Interpret results in clinical or research 

contexts using databases like dbSNP and ClinVar, correlating with patient 

data in diagnostics or integrating with other omics data in research for 

comprehensive analysis. 

7.2.3. Performance Checks:  

Regular analytical performance checks are essential for maintaining high-

quality standards in laboratory testing. These checks help ensure that molecular 

tests provide reliable, reproducible, and clinically relevant results. The following 

criteria are the key indicators for a laboratory facility to maintain:  

h.  Accuracy: Validation test results using well-characterized reference materials 

or known samples, conduct regular checks with known standards or proficiency 

testing programs, and document any deviations, taking corrective actions if 

accuracy falls outside acceptable limits. 

i. Precision (Reproducibility and Repeatability): Performing duplicate testing on 

the same sample to assess precision within and between runs, ensuring 

consistency across operators, instruments, and reagents. Regularly monitor 

precision through internal controls and repeatability studies, addressing 

sources of variation and implementing corrective actions as needed. 
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j. Sensitivity and Specificity: Evaluating the test's sensitivity and specificity using 

appropriate positive and negative controls, ensuring it detects the target 

analyte at required concentrations without cross-reactivity. Periodically 

reassess sensitivity and specificity to account for changes in reagents or 

methodologies. 

k. Limit of Detection (LOD) and Limit of Quantification (LOQ): Establishment and 

validating the LOD and LOQ through serial dilution or low-concentration 

standards, using spike-and-recovery or dilution studies to confirm accuracy at 

low levels, ensuring the limits meet clinical or research requirements. 

l. Calibration and Calibration Verification: Calibrating instruments regularly with 

traceable standards, verify calibration at established intervals, including after 

maintenance or adjustments, and document the procedure and any corrective 

actions. 

m. Analytical Measurement Range (AMR): Defining the AMR based on empirical 

data from control samples and standards, periodically verify its validity after 

updates to reagents or instruments, and ensure the test provides reliable 

results within this range, with appropriate detection limits at both ends. 

n. Robustness and Ruggedness: Conduct robustness studies to assess the assay's 

performance under minor variations in conditions (e.g., temperature, reagent 

concentration) and validate the test across different operators, sample types, 

and environments to confirm its reliability. 
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o. Cross-Contamination Prevention: Implementing controls to minimize cross-

contamination during sample preparation, amplification, and sequencing, 

regularly test for contamination using negative controls, and document and 

address any contamination events to prevent recurrence. 

p. Interfering Substance Check:  Implementing detection and prevention measures 

minimizes its impact, leading to more accurate and consistent results. 

q. Control Materials and Internal Controls: Utilization of positive and negative 

controls in every assay run to monitor performance, track control data over 

time to identify trends, and periodically reassess the suitability of control 

materials for the clinical or research setting. 

r. Documentation and Record Keeping: Maintaining detailed records of 

performance checks, including test results, corrective actions, and calibration 

or maintenance logs, ensuring documentation is accessible for regulatory audits 

and inspections. 

7.3. Post-Analytical Procedures 

7.3.1. Result Verification and Validation 

Post-analytical processes ensure data integrity and result accuracy following 

testing. Molecular and genomics testing requires stringent validation and 

verification protocols due to its complexity and sensitivity. 

a. Alignment with Control Data 



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 52 of 138 

 

i. Molecular and genomics analyses (e.g., sequencing, PCR, variant detection) 

must be compared against control samples to validate accuracy. Controls 

should include positive, negative, and reference standards specific to the test 

(e.g., known gene mutations for inherited conditions). 

ii. Internal quality controls are used to detect technical errors, contamination, or 

instrument issues. Findings should be evaluated against these controls, 

particularly for high-complexity tests like next-generation sequencing (NGS) 

and SNP analysis. 

b. Clinical Correlation 

i. Verification includes assessing whether results are clinically meaningful and 

consistent with patient history and clinical presentation. For instance, genetic 

variants must be evaluated for clinical significance (e.g., pathogenicity) based 

on established databases like ClinVar or HGMD and ACMG guidelines. 

ii. Laboratories should consult bioinformatic tools and databases to ensure 

results align with known clinical data. 

c. Quality Standards Compliance 

i. Laboratories must adhere to quality management practices for molecular and 

genomics assays to minimize risks like amplification errors, contamination, 

and bioinformatic inaccuracies." 
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ii. Validation protocols should include proficiency testing and method validation, 

ensuring accuracy, sensitivity, and specificity, especially for qPCR, Sanger 

sequencing, or NGS panels. 

d. Repeat Testing and Additional Checks 

i. If results are inconclusive or questionable (e.g., low-quality sequencing reads 

or ambiguous PCR bands), repeat testing or complementary methods (e.g., 

Sanger sequencing) should confirm findings. 

ii. Re-testing is also required when sample quality indicators (e.g., DNA 

concentration or integrity) are below acceptable thresholds, as degraded 

samples may produce unreliable results. 

e. Quality Control Metrics for NGS and PCR 

i. Specific quality metrics (e.g., read depth, coverage uniformity, allele 

frequency) must be applied in NGS protocols. Minimum read depths for 

targeted genomic regions should be met to confirm variant calls. 

ii. Quantitative PCR (qPCR) assays must monitor amplification efficiency and 

cycle threshold (Ct) values. Samples failing defined cut-offs should be 

reprocessed for accuracy. 

f. Documentation and Traceability 

i. Comprehensive documentation of all verification and validation steps is 

required. This includes recording sample preparation, run parameters, quality 

control results, and corrective actions. 
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ii. Proper documentation ensures compliance with ISO, CAP, and CLIA 

standards and provides traceability for audits and result reviews. 

7.3.2. Interpretation and Review 

The interpretation and review process ensures that test results are accurate, 

clinically meaningful, and actionable. These processes must be conducted by 

qualified personnel and adhere to established guidelines to maintain high-

quality standards. 

a. Qualified Personnel 

i. Molecular and genomic data must be reviewed by personnel with specialized 

training and experience in genetics, molecular biology, and clinical 

interpretation. This typically includes clinical molecular geneticists, molecular 

pathologists, or certified genetic counselors proficient in interpreting complex 

genomic data. 

ii. Qualified personnel are essential for accurate clinical interpretation, 

particularly for genomic variants where the pathogenicity or relevance is 

uncertain. 

b. Clinical Context Integration 

i. Interpretation of molecular and genomic results must include integration of 

patient-specific clinical data with test findings. For example, if a BRCA1 

variant is detected in a breast cancer patient, the interpreter must consider 
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the variant’s association with breast cancer risk, family history, somatic or 

germline variant and other clinical factors. 

ii. Clinical context is critical for distinguishing between variants of uncertain 

significance (VUS), benign variants, and pathogenic variants. Guidelines from 

recognized clinical bodies, such as the American College of Medical Genetics 

and Genomics (ACMG) and the Clinical Genome Resource (ClinGen), must be 

used to contextualize findings and interpret variant pathogenicity. 

c. Variant Classification and Reporting 

i. Each identified variant must be classified according to its potential impact 

(e.g., pathogenic, likely pathogenic, uncertain significance, likely benign, 

benign) and relevance to the disease or trait. Variant classification must 

involve database comparisons (e.g., ClinVar, gnomAD), literature review, and 

criteria-based scoring (e.g., ACMG guidelines). 

ii. For complex cases involving multiple variants, a tiered reporting approach 

should be provided. Reports must prioritize pathogenic variants and include 

separate sections for VUS to provide a structured view of actionable and non-

actionable findings. 

d. Clinical Relevance of Molecular Alterations 

i. Molecular testing may involve assessing somatic mutations, gene fusions, or 

chromosomal rearrangements. Qualified personnel must interpret these 
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alterations in the context of disease prognosis, potential treatment options, 

and therapeutic resistance. 

ii. For instance, the detection of an EGFR mutation in a non-small cell lung 

cancer sample may indicate eligibility for EGFR-targeted therapies, directly 

impacting treatment decisions. (Specification whether the EGFR mutation is 

somatic or germline is recommended)  

e. Use of Bioinformatics Tools and Database Cross-Referencing 

i. Bioinformatics tools must be used for interpreting large datasets generated 

by next-generation sequencing (NGS) or whole-exome/genome sequencing. 

Software platforms must aid in identifying and prioritizing variants by 

filtering data, comparing findings with reference genomes, and assessing 

variant frequencies in population databases. 

ii. Cross-referencing with clinical databases (e.g., COSMIC, LOVD, HGMD) and 

relevant literature must ensure that the reviewer has up-to-date information 

on variant pathogenicity and clinical implications. 

f. Documentation of Interpretation Process 

i. The interpretation process must be thoroughly documented, including 

detailing the rationale behind variant classifications, resources used (e.g., 

databases, literature), and any clinical context or assumptions applied. 

g. Variant Classification Categories: 
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i. Criteria-based frameworks, such as those from ACMG or AMP, must be used. 

Documentation must include specific criteria leading to classification, such as 

functional impact studies, allele frequency data, and inheritance patterns. 

ii. Resources and Databases: The resources and databases used in the 

interpretation process must be referenced, including population databases 

(e.g., gnomAD, ExAC), clinical databases (e.g., ClinVar, COSMIC), and relevant 

scientific literature. 

iii. Clinical Context and Assumptions: The clinical context, including patient 

history, family history, and clinical indications, must be documented to clarify 

assumptions applied during interpretation. 

iv. Variant-Specific Evidence and Literature Citations: Each variant must be 

supported by evidence from peer-reviewed studies or case reports, with 

citations documented in the report. 

v. Limitations and Confidence of Interpretation: The limitations of the 

interpretation, such as uncertainties around VUS or regions not adequately 

covered by sequencing, must be documented. The confidence level of the 

interpretation must be stated, with explanations for factors affecting 

confidence. 

vi. Use of Bioinformatics Tools: All bioinformatics tools and software used for 

interpretation must be documented, including version numbers, settings, and 

relevant parameters. 
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vii. Peer Review or Consensus Notes: If interpretations are reviewed by multiple 

qualified personnel, the consensus process, differing viewpoints, and final 

agreed-upon interpretation must be documented. 

viii. Final Reporting with Interpretation Summary: The final report must include a 

summary of key findings, their clinical impact, and recommendations for 

follow-up testing or genetic counselling, where appropriate. 

h. Gel-Based Testing: Interpretation and Review 

In gel-based testing, such as gel electrophoresis or Sanger sequencing, 

interpretation and review are critical steps to ensure the accuracy, clinical 

relevance, and reliability of the results. Qualified personnel play an essential 

role in this process, as they are responsible for reviewing raw data, adding 

relevant clinical context, and providing actionable information for clinicians. 

Here’s an elaboration on the process as it pertains to gel-based testing: 

i. Interpretation and Review 

Gel electrophoresis is a key technique in molecular diagnostics, often used for 

analyzing DNA in methods such as PCR, restriction fragment length 

polymorphism (RFLP), and microsatellite analysis. By separating nucleic acid 

fragments based on size and charge, gel electrophoresis enables the detection 

of mutations, genetic variations, or markers. The interpretation process 

involves the following steps: 
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• Visualizing Bands: The gel produces a pattern of bands representing 

different DNA fragments after electrophoresis. Interpretation involves 

carefully analyzing these patterns to detect them. 

• Presence or Absence of Bands: For example, in variant detection or 

genotype determination, the presence or absence of specific bands can 

indicate the presence of a mutation. 

• Band Size: The size of the bands can indicate the presence of specific 

genetic alterations, such as insertions, deletions, or point mutations. 

• Intensity of Bands: The intensity of the bands can be evaluated to assess 

the quantity of DNA or the relative amplification efficiency. 

• Matching with Controls: To verify results, the bands from the patient’s 

sample are compared with those of a known control sample. 

• Wild-type vs Variant: In a diagnostic test for a genetic disorder, the gel may 

be used to compare the patient's DNA with a control sample to confirm 

the presence of a pathogenic variant. 

• Clinical Relevance: Interpretation must incorporate the clinical significance 

of the observed bands, which could include the identification of disease-

causing variants or confirming a diagnosis based on well-established 

genetic markers. 

ii. Sanger Sequencing: Interpretation and Review 
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Sanger sequencing is a gel-based method commonly used for DNA 

sequencing, involving the separation of DNA fragments within a gel matrix to 

determine their nucleotide sequence. This method is highly effective for 

precise sequence analysis and is often employed for confirming mutations or 

validating results obtained from other sequencing approaches. The 

interpretation process involves the following steps: 

• Sequence Analysis: The raw sequence data generated by Sanger 

sequencing is reviewed and interpreted by comparing the nucleotide 

sequence with a reference sequence. Key steps include: 

• Read Quality Assessment: Assessing the quality of the sequencing data 

(e.g., base calling accuracy, read length, signal quality) to ensure valid 

results. 

• Variant Identification: Reviewing the sequence for variants such as single 

nucleotide polymorphisms (SNPs), insertions, deletions, or copy number 

variations. Variants are compared to known variant databases (e.g., 

ClinVar, dbSNP) to determine whether they are pathogenic or benign. 

• Clinical Correlation: The identified variants are then assessed in the context 

of the patient’s clinical history and phenotype. This includes: 

• Pathogenicity Classification: Using guidelines such as the ACMG (American 

College of Medical Genetics) guidelines to classify variants as benign, likely 
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benign, variants of uncertain significance (VUS), likely pathogenic, or 

pathogenic. 

• Disease Association: Correlating the genetic variants with known 

associations in the literature to confirm if they are relevant to the patient’s 

symptoms or clinical condition. 

i. Long-Range PCR Testing: Interpretation and Review 

In long-range PCR testing, accurate interpretation and review of the results are 

crucial for providing clinically meaningful information. This process involves 

qualified personnel who analyze the test results in the context of both the 

experimental data and the clinical setting. 

i. Review of Amplification Quality 

Amplification Success: The first step in interpreting long-range PCR results is 

ensuring that the amplification process was successful. Long-range PCR is 

used to amplify larger DNA fragments (typically 1-10 kb), which can be 

challenging due to issues such as template quality, secondary structures, or 

the presence of inhibitors. 

j.  Qualified personnel should assess: 

i.  PCR Efficiency: Whether the amplification was robust, i.e., the presence of the 

expected product size and yield. 

ii.  Controls: Comparison of the test sample with appropriate controls to ensure 

the amplification process was effective. 
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k. Variant Calling and Sequence Alignment 

i. Sequencing Results: Once the PCR product is generated, the next step is often 

sequencing the amplicon. Qualified personnel must align the sequences 

obtained from long-range PCR against a reference genome or specific target 

region. 

ii. Alignment: The sequence should be aligned to a reference sequence to 

identify the position of variants (mutations, insertions, deletions, etc.). 

iii. Variant Calling: Personnel will call variants using bioinformatics tools, 

ensuring that variants are real, not artifacts, considering factors like depth of 

coverage, sequence quality, and read consistency. 

l. Clinical Relevance and Contextualization 

i. Clinical Correlation: The interpretation of results must be made in the context 

of the patient's clinical history, symptoms, and other diagnostic tests. This 

step ensures that the results are meaningful and actionable. In the case of 

long-range PCR, which may be used to amplify large regions of the genome 

(such as in genetic disease testing, mitochondrial DNA analysis, or large-scale 

insertions/deletions), interpreting variants in clinical context is essential. 

ii. Qualified personnel should consider: 

• Clinical Phenotype: Does the detected variant correlate with the patient's 

symptoms or family history? 
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• Previous Test Results: Are the results consistent with other diagnostic 

tests, such as clinical Sanger sequencing, array-based testing, or imaging? 

• Pathogenicity of Variants: Use of updated genomic databases (e.g., ClinVar, 

dbSNP) and scientific literature to assess whether variants are benign, 

pathogenic, or of uncertain significance. 

m. Assessment of Specific Genomic Regions 

i. Long-range PCR is often used to amplify specific genomic regions or genes. 

When reviewing the results, qualified personnel should verify whether the 

targeted regions were successfully amplified and whether any unexpected 

findings, such as off-target amplification, were detected. 

ii. For instance, in genetic testing for inherited disorders, long-range PCR might 

be used to amplify exon-intron boundaries or large deletions/duplications in 

genes (e.g., BRCA1, HBB for sickle cell disease). The review must ensure that 

these regions were correctly amplified and sequenced, and any structural 

variations must be interpreted in light of available clinical data. 

n. Real-Time PCR and PCR-Based Testing: Interpretation and Review 

Interpretation and review of PCR-based results, including real-time PCR 

(qPCR), is a critical aspect of molecular diagnostics. It ensures the accuracy and 

clinical relevance of test results, especially when these results directly impact 

patient care. As per CAP, ISO 15189:2022, and CLIA, and other regulatory 
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frameworks, qualified personnel must interpret PCR results with expertise and 

consider clinical context to provide actionable information. 

i.  Interpretation of Raw PCR Data 

• Amplification Curves: For real-time PCR, the amplification curves of each 

sample are analyzed. These curves show the increase in fluorescence 

intensity corresponding to the amount of DNA or RNA in the sample. 

Qualified personnel review the Ct (Cycle threshold) values, which indicate 

the amount of target DNA or RNA present in the sample. Interpretation 

includes: 

• Ct Values: Lower Ct values indicate higher amounts of the target, while 

higher Ct values suggest a lower target quantity. 

• Thresholding and Baseline Correction: Ensure proper setting of thresholds 

for determining positive amplification and accurate baseline correction to 

avoid false-negative or false-positive results. 

ii.  Confirmation of Test Results 

• Positive vs. Negative Results: In PCR-based testing, results are often 

dichotomous (positive or negative). Qualified personnel must confirm that 

the amplification signals align with expected results, ensuring that: 

• A positive result corresponds to the amplification of a target gene, 

indicating the presence of a pathogen, mutation, or genetic variation. 
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• A negative result indicates no amplification or amplification below the 

threshold, confirming the absence of the target. 

• Control Validation: Ensure that internal controls (e.g., housekeeping genes 

for RNA, or a non-template control for DNA) work correctly, which 

confirms the reliability of the test. 

iii. Clinical Correlation and Contextualization 

The interpretation of PCR results must be integrated with clinical information, 

including the patient’s medical history, symptoms, and other diagnostic tests. 

This step ensures that molecular findings are accurately interpreted in the 

clinical context. Examples include: 

•  Infectious Disease Testing: PCR results for pathogens such as SARS-CoV-

2 or Mycobacterium tuberculosis should be interpreted alongside clinical 

symptoms, exposure history, and epidemiological factors to determine if 

the result warrants treatment. 

•  Genetic Testing: For PCR-based genetic tests (e.g., BRCA1/BRCA2 

mutation analysis), interpretation involves understanding whether a 

detected variant is pathogenic, benign, or of unknown significance based 

on available genetic databases (e.g., ClinVar, HGMD). 

iv.  Review of Interpretation Criteria 

•  Cutoff Thresholds: Based on clinical guidelines and validated clinical 

studies, qualified personnel must define and apply cutoff thresholds (e.g., 
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Ct values or relative quantification) for determining positive, negative, or 

inconclusive results. 

•  Variant Classification: For variant analysis, classification of variants must 

align with recognized guidelines such as ACMG (American College of 

Medical Genetics and Genomics) standards. A qualified molecular 

geneticist or pathologist reviews the variant in relation to its pathogenicity. 

v. Use of Clinical Guidelines 

Interpretation should adhere to established clinical guidelines and expert 

consensus. These may include: 

•  Clinical practice guidelines for infectious diseases (e.g., CDC, WHO). 

•  Genetic variant interpretation guidelines (e.g., ACMG, EMQN for 

hereditary conditions). 

vi.  Examples in PCR-Based Testing: Infectious Disease Testing  

Testing for SARS-CoV-2 using RT-PCR 

•  Positive Result: If the Ct value is below a threshold (e.g., Ct < 30), 

indicating high viral load, the result is interpreted as clinically significant 

for a COVID-19 infection. 

•  Negative Result: If no amplification occurs, the result is negative for the 

virus, but clinical context (e.g., patient symptoms, exposure history) is also 

considered. A retest or further investigation may be warranted if clinical 

suspicion remains high. 
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vii. Genetic Testing (PCR for Specific Mutations) 

Cystic fibrosis (CF) testing using PCR for CFTR gene mutations. 

• Positive Result: Detection of a known pathogenic variant (e.g., F508del) 

leads to a diagnosis of CF, which is reviewed in the context of the patient’s 

symptoms. 

• Negative Result: No mutations detected, but if clinical suspicion persists, 

the clinician may order additional tests or repeat testing with different 

primers or methods. 

viii.  Cancer Diagnostics (PCR-Based Genotyping) 

BRAF V600E mutation analysis in melanoma. 

• Positive Result: Detection of the V600E mutation supports the diagnosis 

of melanoma and may guide therapy (e.g., treatment with BRAF inhibitors). 

• Clinical Context: Interpretation considers the patient's clinical history, 

staging of the cancer, and other molecular findings (e.g., other mutations 

or histopathological evidence). 

o. Primer-Based Testing Results: Interpretation and Review 

In primer-based testing (such as PCR or RT-PCR), the interpretation 

and review of results is a crucial step that involves both the scientific 

analysis of the raw data and the clinical context in which the test was 

performed. Interpretation should be conducted by qualified personnel 
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who can integrate technical, scientific, and clinical factors to provide 

accurate results. 

i. Review of Raw Data from Primer-Based Testing 

Amplification of specific DNA or RNA regions using 

primers. Once the test is completed, raw data such as 

amplification curves or gel electrophoresis results must 

be reviewed. Qualified personnel analyze these data to: 

•  Verify Amplification Success: Ensure that the target DNA or RNA has been 

successfully amplified by the primers. 

•  Assess Specificity: Confirm that the primers amplified the correct region, 

without non-specific amplification (e.g., primer-dimer formation). 

•  Examine PCR Controls: Ensure that positive and negative controls were 

run and performed as expected. This includes verifying whether no 

template controls (NTC) and positive controls behave as expected, 

indicating assay reliability. 

ii. Contextualizing the Results 

For accurate interpretation, test results need to be 

placed in the appropriate clinical context: 

•  Clinical History: Review the patient’s clinical history, including symptoms, 

family history, and risk factors for the condition under investigation. 
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•  Known Mutations: Compare the results to known variants or conditions. 

For example, in genetic testing for BRCA mutations, the presence of 

specific variants must be correlated with clinical guidelines to assess 

pathogenicity. 

•  Target Region Analysis: In the case of pathogen detection, the result 

should be interpreted in relation to the clinical symptoms, such as viral load 

for COVID-19 PCR or bacterial load in infectious diseases. 

iii. Result Interpretation and Reporting 

Interpretation goes beyond simply identifying whether 

a target was detected or not. It includes: 

•  Presence/Absence of the Target: For diagnostic PCR, the key step is 

determining if the target DNA/RNA is present in the sample. The result 

may be: 

•  Positive: Indicates the presence of the target sequence, which could 

suggest an infection, genetic mutation, or inherited trait. 

•  Negative: No amplification indicates absence of the target, or it could be 

due to factors like poor sample quality or PCR inhibition. 

iv. Quantification (if applicable) 

Quantitative PCR (qPCR) or RT-qPCR measures the 

amount of target DNA/RNA, which is critical in cases 

like viral load testing or gene expression analysis. 
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Qualified personnel interpret the significance of the 

measured value in clinical terms, considering factors 

such as threshold cycle (Ct) values. 

p. Sanger Sequencing: Interpretation and Review 

In Sanger sequencing, interpretation and review are critical steps to ensure 

accurate, actionable results for clinicians. This process involves qualified 

personnel analyzing the sequencing data to identify relevant genetic variations 

and providing context that integrates clinical information. Below is a detailed 

explanation of how this process applies specifically to Sanger sequencing in a 

clinical laboratory setting. 

i. Data Quality Assessment 

Before starting the interpretation, qualified personnel must assess the quality 

of the Sanger sequencing results. This includes: 

•  Peak Quality: Reviewing the chromatogram for clear, well-resolved peaks 

that are free from background noise, indicating good-quality sequencing 

data. 

•  Read Length and Depth: Ensuring that the sequencing reads are 

sufficiently long and have adequate depth to confidently call variants. 

•  Base Calling Accuracy: Verifying that the bases are accurately called, 

particularly in regions with mixed signals or low-quality peaks. 



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 71 of 138 

 

•  Contamination Check: Identifying potential contamination (e.g., multiple 

peaks in the chromatogram that might suggest cross-contamination 

between samples). 

ii. Variant Calling and Identification 

The primary objective is to identify genetic variants by comparing the 

sequenced sample to a reference sequence: 

•  Single Nucleotide Polymorphisms (SNPs): Detecting changes in a single 

nucleotide, which can indicate a variant. 

•  Insertions and Deletions (Indels): Identifying small insertions or deletions 

within the sequence. 

•  Comparative Analysis: Using a reference genome or database (such as 

Ensembl, NCBI, or UCSC) to identify and annotate variants. 

•  Identification of Pathogenic Variants: Comparing identified variants to 

databases like ClinVar, dbSNP, or HGMD to determine whether they are 

known to be associated with a specific disease or condition. 

iii. Contextualizing Variants 

Once variants are identified, they must be placed in a clinical context to assess 

their potential significance: 

•  Clinical Correlation: Understanding the patient’s clinical background, 

including their medical history, symptoms, and family history. Variants in 
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genes associated with hereditary diseases or known syndromes must be 

interpreted in light of these clinical details. 

•  Example: A variant in the BRCA1 gene might be significant in a patient 

with a family history of breast or ovarian cancer. 

•  In Silico Predictions 

Using bioinformatics tools (e.g., PolyPhen, SIFT, MutationTaster) to predict 

the potential impact of the variant on the protein or gene function. 

iv. Pathogenicity Classification 

Using guidelines like the ACMG/AMP (American College of Medical Genetics 

and Genomics/Association for Molecular Pathology) to classify variants as 

benign, likely benign, variant of uncertain significance (VUS), likely pathogenic, 

or pathogenic. 

v. Interpretation of Negative Results 

In cases where no pathogenic variant is identified, it is important to: 

•  Review Clinical Information: Ensure that the patient’s symptoms, history, 

and other diagnostic information align with the negative result. 

•  Examine Coverage and Quality: Double-check the sequencing data to 

ensure that the relevant regions of the gene were sufficiently covered and 

that no technical issues (such as poor sequencing quality) may have 

impacted the results. 
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•  Consider Other Genetic Causes: If no variant is found, clinicians may need 

to consider other genetic factors, such as large deletions/duplications, 

mosaicism, or other genes that might not have been included in the 

sequencing panel. 

vi. Reporting and Communication of Results 

After interpretation, the final step is to generate a clear and concise report: 

•  Variant Details: A clear description of the variants identified, including the 

gene, position, type of mutation, and associated disease risk (if applicable). 

•  Clinical Relevance: A summary of the clinical interpretation, highlighting 

whether the variant is associated with the patient’s symptoms or family 

history. 

•  Actionable Information: Any recommendations for further testing (e.g., 

family screening, additional genetic tests) or clinical follow-up. 

•  Uncertainty: If a variant is classified as a VUS, the report should state that 

the clinical significance is unknown and may require re-evaluation with 

more data. 

q. Short Tandem Repeat (STR): Interpretation and Review 

STR testing is a critical molecular technique used primarily in forensic, 

paternity, and genetic disease testing. The process involves analyzing specific 

regions of DNA where a pattern of short, repeated sequences occurs. The 

interpretation and review of STR test results are crucial to ensuring accurate, 
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clinically relevant findings. The interpretation must be thorough, accurate, and 

documented. 

i. Qualified Personnel 

•  Interpretation of STR results should only be conducted by qualified 

personnel with expertise in molecular biology, genetics, and bioinformatics. 

•  Geneticists or molecular biologists with advanced knowledge in DNA 

analysis. 

•  Personnel who are trained in STR-specific methods and guidelines (e.g., 

CODIS standards for forensic testing or genetic marker databases for 

clinical applications). 

ii.  Interpretation of STR Alleles 

STR markers are analyzed by determining the number of repeat units at a 

given locus. Each individual has two alleles at each STR locus (one from each 

parent), and the difference in repeat number between them forms the basis 

for the genotype. 

•  Interpretation: Forensic and clinical cases rely on the precise identification 

of alleles, typically determined by gel electrophoresis or capillary 

electrophoresis. 

•  Clinical Significance: In medical genetics, STRs may be used to identify 

specific genetic conditions or markers, such as those associated with fragile 
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X syndrome or Huntington's disease, where the number of repeats directly 

impacts diagnosis. 

•  Paternity and Kinship Testing: For paternity testing, alleles from both the 

child and alleged father must be compared. Matching alleles confirm or 

exclude a biological relationship. 

iii. Contextualizing Results 

•  Contextualizing the Results involves integrating clinical, familial, and 

phenotypic information to support the interpretation of the STR analysis. 

•  Family History: In clinical genetic testing, family pedigree data is essential 

to interpret STR results, particularly when diagnosing hereditary diseases 

or conditions with repeat expansion mutations. 

•  Clinical Symptoms: For patients with a clinical presentation suggesting a 

genetic disorder (e.g., intellectual disability, neurological symptoms), STR 

results must be reviewed in conjunction with other diagnostic tests. 

•  Comparison to Databases: Forensic laboratories may compare STR 

profiles to established databases like CODIS (Combined DNA Index 

System) to establish identity or familial connections. 

•  Thresholds for Pathogenicity: Clinical interpretation requires 

understanding specific thresholds, such as the number of repeats in fragile 

X syndrome, where above a certain number of repeats is considered 

pathogenic. 



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 76 of 138 

 

iv. Handling Potential Conflicts 

•  Allelic Dropout or Mutation: In some cases, there may be an allelic dropout, 

where one of the alleles is not detected, potentially complicating 

interpretation. Laboratories must assess this possibility and report 

accordingly, especially in paternity testing where a mismatch could indicate 

exclusion or other issues like sample contamination. 

•  Review of Ambiguous Results: For STR testing, ambiguities in repeat 

patterns (e.g., stutter bands) must be clearly addressed in the review 

process to ensure they are not misinterpreted as genuine alleles. Additional 

testing or reanalysis may be required for clarity. 

v. Documenting Interpretation and Conclusions 

•  The rationale for the interpretation, including any clinical assumptions or 

family history. 

•  Reference to specific databases (e.g., STRBase for clinical applications, 

CODIS for forensic purposes). 

•  Any limitations or uncertainties in the interpretation, such as potential 

mutation hotspots or incomplete penetrance. 

Example: STR Testing in Clinical Genetics 

•  Case Scenario: Testing for fragile X syndrome, a disorder caused by a CGG 

repeat expansion in the FMR1 gene. 

•  Interpretation: 
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•  The STR testing identifies the number of CGG repeats in the FMR1 gene. 

•  A normal allele has 6-44 repeats, a premutation allele has 55-200 repeats, 

and a full mutation allele has more than 200 repeats. 

• Clinical Context: 

o  In a male patient presenting with intellectual disability, an expanded 

repeat (above 200) confirms fragile X syndrome. 

o  Family history of developmental delay, intellectual disabilities, or 

autism spectrum disorder strengthens the clinical correlation. 

• Report: The final report would document the genotype, along with a clinical 

interpretation that includes the significance of the result, any associated 

risks for family members, and recommendations for follow-up testing or 

counselling. 

Example: STR Testing in Forensic Paternity Testing 

• Interpretation: STR loci from the child and alleged father are compared. 

Each allele is matched between the child and the father, with specific loci 

providing more definitive conclusions about biological relationships. 

• Clinical and Legal Context: STR testing in paternity testing is often used 

for legal or familial purposes, and results are typically used to either 

confirm or exclude paternity. The probability of paternity is calculated 

based on the number of matching alleles, often exceeding 99% in 

confirmed cases. 
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• Report: The report includes a summary of the alleles at each STR locus, the 

probability of paternity, and any exclusions or uncertainties. 

r. Quantitative Fluorescence (QF) PCR: Interpretation and Review 

In the context of Quantitative Fluorescence PCR (QF-PCR) testing, 

interpretation and review of results are critical steps to ensure accurate 

genetic testing, particularly for prenatal diagnostics and the detection of 

genetic anomalies. Qualified personnel, typically molecular geneticists or 

clinical laboratory scientists, play a key role in reviewing and interpreting the 

results, considering both the technical data and the clinical context. The 

following outlines the interpretation and review process specific to QF-PCR 

testing: 

i. Qualified Personnel Review 

Expertise: The review process should be conducted by qualified personnel 

with expertise in genomics, molecular biology, and clinical genetics. This 

includes: 

• Clinical geneticists who understand the clinical significance of the results. 

• Molecular biologists or laboratory technicians proficient in PCR analysis, 

particularly in QF-PCR methods. 

• Training and Certification: Qualified personnel must be well-trained in 

interpreting genetic test results, and they should adhere to the laboratory’s 
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standard operating procedures (SOPs) and regulatory requirements (e.g., 

ISO 15189 and CLIA). 

ii. Reviewing QF-PCR Results 

• Data Analysis: QF-PCR uses fluorescently labelled primers to detect 

microsatellite markers or short tandem repeats (STRs) associated with 

genetic disorders. The interpretation process involves the analysis of the 

fluorescence intensities and the ratio of the different alleles. 

• Normal Results: In normal cases, the fluorescence intensity signals should 

correspond to the expected pattern for the individual’s genotype, 

indicating the absence of genetic anomalies. 

• Abnormal Results: Variations or abnormalities in allele sizes or intensity 

ratios can indicate the presence of genetic conditions such as aneuploidy 

(e.g., Down syndrome) or microdeletions. 

• Thresholds for Abnormality: The thresholds for abnormal results (e.g., 

identifying trisomy 21 in a QF-PCR test) should be well-established based 

on previous clinical data and laboratory experience. This may involve a set 

fluorescent intensity threshold to distinguish between normal and 

abnormal signal patterns. 

iii. Adding Clinical Context  

• Clinical History Review: For each test result, it is crucial to review the 

clinical history of the patient (e.g., prenatal screening results, family history 



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 80 of 138 

 

of genetic disorders, age of the mother) to provide context for the 

interpretation. 

• For example, a QF-PCR test showing a trisomy 21 (Down syndrome) 

pattern would be interpreted differently if the patient has a family history 

of chromosomal abnormalities or if they have received positive results from 

other prenatal screenings. 

• Risk Assessment: In prenatal testing, the results from QF-PCR should be 

interpreted in the context of the mother's age, gestational age, and prior 

screening results, such as nuchal translucency, serum biomarkers, or non-

invasive prenatal testing (NIPT). These factors help in determining 

whether the QF-PCR results are indicative of a true genetic disorder or a 

false positive. 

iv. Documentation and Reporting 

Clear Reporting: The findings from the QF-PCR test should be clearly 

documented and reported. The report should include: 

• The allelic pattern observed and its interpretation (e.g., presence of a 

specific trisomy or deletion). 

• Clinical correlation: Providing clinical information such as the patient’s 

clinical history, prior test results, and relevant family background. 
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• Recommendations: In cases of abnormal findings, the report should include 

a recommendation for follow-up testing, such as amniocentesis or CVS for 

definitive chromosomal analysis. 

• Interpretation of Ambiguous Results: If the QF-PCR results are 

inconclusive or borderline (e.g., unclear allelic patterns or weak 

fluorescence signals), the lab must outline the next steps, which may 

include retesting or additional molecular testing. These steps should be 

explained clearly in the report. 

s. Digital Droplet PCR (ddPCR): Interpretation and Review 

Digital Droplet PCR (ddPCR) is a highly sensitive and precise method of 

quantifying nucleic acids, widely used for applications such as detecting rare 

mutations, copy number variations, and gene expression analysis. The 

interpretation and review of ddPCR results require careful consideration of 

technical data, clinical relevance, and the context of the sample being tested. 

This process ensures that the test results are not only accurate but also 

clinically actionable. Key Aspects of Interpretation and Review in ddPCR 

Testing: 

i. Interpretation of ddPCR Results 

• Qualitative and Quantitative Results: ddPCR results provide both 

qualitative and quantitative data. 
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• Qualitative Interpretation: Identification of the presence or absence of a 

target sequence, such as a mutation in a specific gene (e.g., KRAS mutation 

in cancer testing). 

• Quantitative Interpretation: Calculation of allele frequencies, gene 

expression levels, or copy number variations. ddPCR provides absolute 

quantification without the need for standard curves, making it ideal for 

detecting low-frequency mutations or rare alleles. 

• Assay Design: Interpretation begins with ensuring the assay design is 

appropriate for the intended analysis. The primers and probes used in 

ddPCR must be specific to the target sequence, and the assay must be 

validated for the clinical context (e.g., detecting a specific mutation in 

BRCA1/BRCA2 genes). 

ii. Technical Considerations 

• Droplet Distribution: Interpretation involves reviewing the droplet 

distribution to ensure that the amplification data reflects the actual 

concentration of target nucleic acids in the sample. A well-distributed set 

of droplets indicates a valid result, while clusters or outliers may suggest 

issues with sample quality, reagent contamination, or pipetting errors. 

• Positive vs. Negative Droplets: ddPCR divides the sample into thousands 

of individual droplets, each of which either contains the target sequence 

(positive) or not (negative). Proper interpretation involves reviewing the 
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number of positive and negative droplets to calculate the concentration of 

the target DNA or RNA. This analysis helps identify rare mutations or 

minimal residual disease. 

iii. Clinical Context 

• Clinical Relevance: For ddPCR results to be actionable, they must be 

interpreted in the clinical context. For example, a mutation detected in a 

cancer gene may be interpreted differently depending on the stage of 

cancer, the presence of other mutations, or the patient’s treatment plan. 

• Variant Classification: Interpretation of any variants detected in ddPCR 

should follow established guidelines, such as those from ACMG or COSMIC, 

to classify the variant as benign, likely benign, uncertain significance, likely 

pathogenic, or pathogenic. 

• Clinical Correlation: Results must be cross-checked with the patient's 

clinical history, family history, and any other relevant tests to assess their 

significance. For example, detecting EGFR mutations in a lung cancer 

patient may indicate eligibility for specific targeted therapies. 

• Thresholds for Actionability: ddPCR allows for highly sensitive detection of 

low-frequency mutations. The interpretation process includes setting 

appropriate thresholds for detecting variants of interest. For example, the 

lab may define a threshold for reporting mutations as those detected at 

frequencies above 0.1%, depending on the clinical scenario. 
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iv. Qualified Personnel Review: 

• Expert Oversight: Qualified personnel, such as molecular geneticists or 

clinical laboratory scientists with experience in ddPCR technology, must 

review the test results. This review process ensures that all potential 

issues, such as poor assay performance, false positives, or false negatives, 

are addressed. 

• Training: Personnel must be trained in interpreting ddPCR data and 

understanding the limitations of the technique. This training ensures that 

the staff can accurately assess whether a result requires further 

investigation, repeat testing, or additional validation using other methods 

like NGS or Sanger sequencing. 

• Validation of Clinical Findings: After reviewing the ddPCR data, qualified 

personnel must confirm that the results are clinically valid and provide the 

appropriate clinical relevance. They may need to consult scientific 

literature, clinical guidelines, or databases (e.g., ClinVar, COSMIC) to 

ensure accurate classification of variants or mutations. 

v. Reporting and Documentation: 

• Clear and Actionable Reporting 

• The results of ddPCR tests must be documented clearly and concisely in a 

report that includes: 

• The target gene or mutation tested. 
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• The absolute quantification (e.g., copies per microliter) or the percentage 

of mutant alleles in the sample. 

• Any clinical interpretation, including the potential implications of the 

findings in the context of treatment, prognosis, or diagnosis. 

• Clinical Interpretation: The report should provide actionable information, 

such as: 

• Therapeutic Decisions: For example, in cancer testing, the presence of 

certain mutations (e.g., EGFR mutations in lung cancer) may guide 

treatment decisions. 

• Risk Assessment: For hereditary disease testing, the presence of mutations 

in BRCA1/BRCA2 genes may be associated with an increased risk of breast 

or ovarian cancer, which may lead to preventive measures. 

vi. Documentation for Traceability and Compliance: 

ddPCR results and interpretations should be documented thoroughly, 

including: 

• Raw data from the instrument, such as droplet counts and amplification 

plots. 

• Details of the review process, including who reviewed the results, the 

rationale for interpretation, and any clinical context considered. 

• References to databases or literature that support variant classification 

and clinical interpretation. 
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t. Maternal Cell Contamination (MCC): Interpretation and Review 

In the context of maternal cell contamination (MCC) testing, particularly in 

molecular diagnostics and genomics, interpretation and review are crucial 

steps in ensuring the accuracy of results and their clinical relevance. MCC 

testing is typically performed in prenatal diagnostic testing, such as non-

invasive prenatal testing (NIPT) or fetal genetic testing, where there is a risk 

of maternal cells contaminating the fetal sample, leading to false or misleading 

results.Key Steps in Interpretation and Review of MCC Testing Results 

i. Review of Testing Procedure and Sample Quality: 

• Qualified Personnel: The initial step involves a thorough review of the 

testing procedure by qualified personnel, such as molecular geneticists or 

clinical laboratory technologists. They assess the quality of the sample (e.g., 

DNA extracted from maternal blood or amniotic fluid) to ensure that the 

testing was performed correctly and that no issues arose during the 

collection, processing, or testing phases. 

• Maternal vs. Fetal DNA Ratio: The personnel will evaluate the ratio of 

maternal to fetal DNA in the sample. In cases of NIPT, a high maternal DNA 

contamination level can impact the accuracy of fetal genetic information. 

It is essential that qualified personnel assess if the maternal DNA fraction 

exceeds the acceptable threshold for accurate fetal testing. 

ii. Detection of Maternal Cell Contamination (MCC): 
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• DNA Profiling: Specialized testing methods, such as STR (short tandem 

repeat) analysis or SNP (single nucleotide polymorphism)-based 

approaches, are used to detect maternal cell contamination. These 

methods can compare the fetal and maternal DNA profiles, identifying 

potential contamination. 

• MCC Threshold: MCC is generally considered a concern if the maternal 

DNA content exceeds a certain percentage threshold (e.g., greater than 20-

30%) in the sample. If the proportion of maternal DNA is too high, it may 

compromise the interpretation of fetal results, leading to false negatives 

or positives for fetal conditions (e.g., trisomy 21). 

iii. Contextualization with Clinical Information: 

• Clinical Background Review: When interpreting MCC results, the review 

process includes incorporating relevant clinical context. This might involve: 

• Reviewing the patient’s medical history and any known conditions (e.g., 

maternal genetic disorders, prior pregnancies). 

• Considering the gestational age, as higher levels of maternal DNA are 

expected in earlier gestations. 

• Evaluating any clinical symptoms or indications that would prompt the 

need for fetal testing (e.g., family history of genetic disorders, abnormal 

ultrasound findings). 

iv. Interpretation of Results in the Context of Genetic Disorders 
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• Clinical Correlation: In maternal cell contamination testing, it is critical to 

interpret the results in light of the clinical question being addressed. For 

example: 

• If testing is being done for Down syndrome (trisomy 21), a high level of 

maternal DNA contamination could obscure the detection of fetal 

aneuploidy. The reviewer must assess whether the test results are 

consistent with the clinical indication, such as maternal age, family history, 

and ultrasound findings. 

• For fetal chromosomal abnormalities or genetic conditions (e.g., Fragile X 

or CFTR mutations), the presence of maternal cells could result in a 

misleading result. The qualified personnel must carefully cross-reference 

these results with family history or prior genetic testing. 

v. Review of Failed or Borderline Results 

• MCC Detection Flags: If MCC is suspected or identified, the laboratory 

team must issue a detailed review and may flag the result for further 

investigation. The reviewer might recommend additional testing or a 

repeat sample to confirm the result. 

• Repeat Testing: In cases where maternal contamination is high, the 

laboratory might advise retesting the sample, possibly using a more 

selective method (e.g., cell-free fetal DNA testing) or obtaining a new 

sample to minimize contamination risk. 
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vi. Documentation of Results and Rationale 

The interpretation of MCC results must be thoroughly documented. This 

documentation includes: 

• A detailed explanation of the methods used to detect maternal cell 

contamination. 

• The clinical reasoning behind interpreting the level of contamination (e.g., 

if it exceeds a threshold, what impact this might have on the fetal genetic 

findings). 

• Recommendations for clinical action, such as retesting or additional 

prenatal diagnostic procedures (e.g., amniocentesis or chorionic villus 

sampling (CVS)) for confirmation. 

u. In Situ Hybridization (ISH): Interpretation and Review 

The guidelines outline requirements for the interpretation and review of In Situ 

Hybridization (ISH) results to ensure diagnostic accuracy and clinical relevance. 

ISH is widely used for detecting DNA, RNA, or specific genetic abnormalities in 

tissues, particularly in oncology, infectious diseases, and genetic testing. Proper 

interpretation is critical for providing actionable clinical information. Key 

Aspects of ISH Interpretation and Review. 

i. Personnel Qualifications 
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• Interpretation must be performed by appropriately trained and 

credentialed personnel, such as board-certified pathologists or molecular 

geneticists. 

• For complex ISH tests (e.g., FISH for HER2/neu or ALK rearrangements), 

interpreters must have additional expertise in the specific clinical 

application. 

• Quality Control (QC) and Standardization 

• Pre-Established Criteria: Laboratories must define criteria for positivity or 

negativity, based on validated clinical and laboratory standards. 

 Example: HER2 ISH positivity follows defined amplification ratios per 

CAP-ASCO guidelines. 

• Internal QC: Positive and negative controls must be run with each batch to 

confirm test reliability. 

• Calibration: Scoring systems and microscopes used for interpretation 

should be regularly calibrated to ensure accuracy. 

ii. Result Interpretation 

• Signal Analysis: For DNA-based ISH (e.g., FISH), signal enumeration is 

critical; Amplification or deletion of gene loci is typically quantified using 

probe-to-control ratios. 

Example: HER2/CEP17 ratio in breast cancer. 
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• RNA ISH (e.g., HPV mRNA) requires assessment of signal intensity and 

localization. 

• Cell Context: Results must be interpreted within the histopathologic 

context of the tissue sample. Correlation with hematoxylin and eosin 

(H&E) stained sections is essential to confirm that signals are from the 

appropriate cellular population (e.g., tumor cells). 

iii.  Reporting Standards 

• Clear Scoring Criteria: Reports must detail scoring methods, thresholds, 

and clinical implications.  

• For example: HER2 amplification thresholds (positive ratio >2.0). 

• ALK FISH positivity criteria (≥15% cells showing rearrangement). 

iv. Clinical Interpretation:  

• Results should clearly state clinical relevance, such as therapeutic eligibility 

for targeted therapies (e.g., trastuzumab for HER2-positive tumors). 

v. Documentation: 

• Reports should include a description of methods, control performance, and 

any technical limitations. 

vi. Error Prevention and Result Validation 

• Duplicate Interpretation: For critical tests, a second qualified reviewer may 

be required to verify results. 
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• Validation Studies: Laboratories must validate ISH methods, including 

probe specificity and performance, prior to implementation. 

• Repeat Testing: In cases of equivocal results, guidelines recommend repeat 

testing or complementary techniques (e.g., IHC for HER2). 

vii. Turnaround Time and Reporting 

Timely result delivery is crucial to ensure clinical utility. For critical tests (e.g., 

HER2/neu or ALK in cancer diagnostics), results should be reported within 

specified timelines (e.g., 5–7 days for HER2 ISH). 

v. Microarray: Interpretation and Review 

The applicable laboratory accreditation standards provide a framework for 

interpreting and reviewing microarray results to ensure diagnostic accuracy, 

clinical relevance, and compliance with best practices. Microarray testing is 

widely used in genetic diagnostics, including copy number variation (CNV) 

analysis, gene expression profiling, and single nucleotide polymorphism (SNP) 

detection. Accurate interpretation is critical to transforming raw data into 

actionable clinical insights 

i. Data Analysis and Interpretation: 

• Raw data from the microarray platform (e.g., intensity signals) must 

undergo normalization, filtering, and quality assessment using validated 

bioinformatics pipelines. 
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• Ensure that algorithms used for CNV or SNP calling are robust and 

validated. 

ii. Clinical Interpretation: Detected genomic abnormalities must be correlated 

with clinical data and known pathogenicity classifications. 

iii. Reference Databases: Use robust databases and tools for variant annotation, 

such as: 

• ClinGen: For curated CNV pathogenicity information. 

• DECIPHER: For genotype-phenotype correlations. 

• DGV: For benign CNVs. 

• Document all resources used for interpretation. 

iv. Inheritance Pattern: Evaluate the genomic abnormality's inheritance, 

distinguishing de novo changes from inherited variants when family studies 

are available. 

v. Reporting of Variants: Variants must be classified using standardized 

guidelines, such as those from the ACMG, into categories like pathogenic, 

likely pathogenic, VUS (variant of uncertain significance), likely benign, or 

benign. 

7.3.3. Documentation and Archiving 

Documentation and archiving are essential for maintaining the integrity, security, 

and traceability of molecular and genomics laboratory data. Laboratories must 
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ensure that all processes, from test initiation to result storage, are systematically 

documented and archived. 

a. Comprehensive and Traceable Records 

i. Detailed records must be maintained for all activities related to each test, 

including sample reception, preparation, testing procedures, data analysis, 

interpretation, and reporting. 

ii. Each step must be documented to ensure traceability, allowing audits or 

reviews of any stage in the process. For example, variant interpretations 

should be easily accessible for re-evaluation if new findings arise. 

b. Secure Storage of Data 

i. Data, from raw sequence files to final reports, must be securely stored to 

prevent unauthorized access, loss, or tampering. 

ii. Storage systems should include controlled access permissions, encryption, 

audit trails, and regular data backups to safeguard sensitive patient 

information. 

c. Result Archiving and Retention Policy 

i. Laboratories must adhere to regulatory retention periods, often extending to 

five years or more for genomics data due to the evolving nature of scientific 

understanding. 
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• Archived data should be systematically organized for easy retrieval, using 

identifiers such as patient ID, sample ID, or testing date. Policies for data 

disposal must comply with legal or regulatory standards. 

d. Audit Trails and Version Control 

i. Version control must track updates, corrections, or re-interpretations of test 

results, documenting the reasons, authorizations, and modification dates. 

ii. Audit trails must log all actions on records, including result validation, report 

updates, or new interpretations, ensuring discrepancies can be traced and 

justified. 

e. Confidentiality and Data Privacy Compliance 

i. Patient confidentiality and compliance with data privacy regulations (e.g., 

GDPR, HIPAA) must be ensured. 

ii. Access to records should be restricted to authorized personnel, and consent 

documentation for testing or data sharing must be archived alongside test 

results. 

f. Documentation of Bioinformatics Pipelines and Analytical Tools 

i. All bioinformatics pipelines and analytical tools used in genomics testing must 

be documented, including software versions, algorithm parameters, and 

settings. 

ii. Updates to pipelines or algorithms must be recorded, detailing modification 

dates and reasons to enable reproducibility and traceability of results. 
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g. Interpretation and Reporting Documentation 

i. Interpretation reports must summarize findings, criteria for variant 

classification, and the clinical significance of results. 

ii. Reports should document databases, scientific resources, interpretive 

comments, and rationale for variant classification, along with any limitations 

or assumptions applied. 

h. Periodic Review and Update of Archived Data 

i. Archived data should undergo periodic review to determine if re-

interpretation is needed, especially for genomics results. Advances in 

scientific knowledge may necessitate updates to previously uncertain 

findings. 

7.3.4. Reporting 

The reporting process is critical for effectively communicating molecular and 

genomics testing results to clinicians. Reports must meet regulatory standards, 

provide actionable insights, and facilitate clinical decision-making. Adherence to 

regulatory standards ensures reports are clear, accurate, and legally defensible. 

a. Clarity and Conciseness 

i. Reports must use clear, unambiguous language, avoiding excessive technical 

jargon unless necessary. 

ii. Essential findings, such as pathogenic or likely pathogenic variants, must be 

prominently highlighted, with VUS clearly explained. 
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b. Standardized Report Structure 

Reports should follow a consistent format, typically including: 

i. Patient and sample identification details. 

ii. Testing methodology and limitations. 

iii. Findings and their clinical significance. 

iv. Recommendations for further testing or clinical action. 

v. Variant classification explicitly stated, following ACMG guidelines. 

c. Actionable Information for Clinicians 

i. Clinical relevance, describing the relationship between findings and the 

patient’s condition or diagnosis. 

ii. Suggestions for further investigations, clinical interventions, or genetic 

counselling. 

iii. Recommendations for family member testing when relevant. 

iv. References to clinical phenotypes, databases, and evidence supporting variant 

classification (e.g., ClinVar, HGMD). 

7.3.5. Result Delivery and Confidentiality 

Ensuring that laboratory results are securely delivered to authorized recipients 

while maintaining strict confidentiality is critical for molecular and genomics 

testing. These processes must comply with global data privacy regulations and 

address the sensitivity of genetic information. 

a. Secure Communication Channels 
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i. Reports must be delivered through secure, traceable methods, including: 

ii. Encrypted electronic systems, such as Laboratory Information Management 

Systems (LIMS) or secure email portals. 

iii. Physical delivery in sealed, tamper-evident envelopes when electronic delivery 

is unavailable. 

iv. Laboratories must implement robust cybersecurity measures to protect data 

from unauthorized access during transmission and storage. 

b. Authorized Recipients 

i. Results must be shared only with authorized individuals, such as: 

ii. Requesting clinicians or healthcare providers. 

iii. Patients, if direct access is permitted by regulations or requested explicitly. 

iv. A verification process must confirm recipient identity before report delivery. 

c. Confidentiality in Data Handling 

i. Laboratories must maintain strict confidentiality protocols, including: 

ii. Restricting access to patient data to personnel involved in testing or 

reporting. 

iii. Anonymizing data where applicable, such as for research purposes. 

iv. Promptly addressing and reporting data breaches or unauthorized access as 

per regulatory requirements. 

d. Compliance with Data Privacy Regulations 
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i. Laboratories must adhere to privacy laws such as GDPR, HIPAA, and ISO 

15189:2022, including: 

ii. Obtaining patient consent for the collection, use, and sharing of genetic data. 

iii. Informing patients and clinicians about the laboratory's data protection 

policies. 

iv. Results must be securely retained for the duration specified by regulatory 

authorities to ensure traceability and audit readiness. 

e. Special Considerations for Molecular and Genomics Testing 

i. Sensitivity of Genetic Data 

ii. Molecular and genomic results may reveal hereditary conditions, disease 

predispositions, or familial risks. Reports must include disclaimers cautioning 

against unauthorized sharing or non-medical use. 

iii. Only authorized clinicians should interpret and communicate results to 

patients. 

f. Traceability and Audit Logs 

i. Laboratories must maintain detailed audit logs of result delivery, 

documenting: 

• Date and time of delivery. 

• Recipient details. 

• Delivery method. 

g. Handling Revisions or Amendments 
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i. Updated reports must be securely delivered to the original recipient with: 

• A clear explanation of the revision. 

• Assurance of data integrity in the revised report. 

7.3.6. Error Tracking and Continuous Improvement 

Error tracking and continuous improvement are essential for maintaining high 

standards of quality and reliability in molecular and genomics laboratories. These 

processes enhance patient safety by identifying discrepancies, analyzing root 

causes, and implementing corrective and preventive actions (CAPA) to improve 

future testing outcomes. 

a. Documentation of Discrepancies 

i. Comprehensive Recording: Laboratories must document all identified errors 

across pre-analytical, analytical, and post-analytical phases. Examples include 

specimen mislabeling, incorrect variant classification, and delays in report 

delivery. 

ii. Categorization: Errors should be classified (e.g., critical, non-critical, 

systematic, random) to prioritize corrective actions effectively. 

b. Root Cause Analysis (RCA) 

i. Laboratories must conduct RCA for each error to determine: 

ii. Underlying factors (e.g., workflow gaps, technical failures, human error). 

iii. Whether the issue is isolated or part of a recurring trend. 

c. Corrective and Preventive Actions (CAPA) 
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i. Corrective Actions 

• Reanalyze genomic data for discrepancies. 

• Provide targeted retraining for staff involved in errors. 

ii. Preventive Actions 

• Introduce additional quality controls or automation to reduce manual 

errors. 

• Revise standard operating procedures (SOPs) to address identified gaps. 

d. Error Tracking in Molecular and Genomics Laboratories 

i. Unique Challenges 

Complex techniques like NGS and PCR introduce potential errors, such as: 

• Contamination of DNA/RNA samples. 

• Misinterpretation of variants due to inconsistent databases. 

• Errors in bioinformatics pipelines. 

ii. Tools for Error Detection 

Automated systems, such as LIMS, to flag inconsistencies in sample handling 

or data reporting. 

iii. Quality Control (QC) Metrics 

Monitor sequencing coverage, quality scores, and assay performance 

indicators to detect and address issues promptly. 

e. Genomic Databases 
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i. Cross-reference variants with updated databases (e.g., ClinVar, gnomAD) to 

minimize interpretive errors and ensure accuracy. 

f. Continuous Monitoring and Improvement 

i. Performance Metrics 

Laboratories must track performance metrics such as error rates, 

turnaround times, and quality indicators, using this data for ongoing quality 

improvement initiatives. 

ii. Proficiency Testing 

Participate in external quality assessment (EQA) 

programs to benchmark performance against peer 

laboratories and ensure compliance with relevant 

quality and accreditation requirements through regular 

internal audits. 

iii. Staff Training and Competency 

Ensure personnel are proficient in emerging 

technologies and updated guidelines by conducting 

regular workshops and providing training based on 

current standards. 

iv. Feedback Mechanisms 
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Collect feedback from clinicians and patients on result clarity and turnaround 

times, incorporating it into continuous process improvements to enhance 

service quality. 

v. Technology Integration 

• Invest in advanced automation and bioinformatics tools to reduce manual 

errors and improve result reproducibility. 

7.4. Validation 

Validation ensures that all components of the laboratory process—whether the workflow, 

instruments, or procedures—deliver reliable, consistent results and comply with 

regulatory standards. It identifies and addresses potential errors at every stage, from 

sample preparation to data analysis, helping maintain high quality control standards 

throughout molecular and genomic testing. 

7.4.1. Process Validation: 

a. Ensures that the entire laboratory workflow is reliable and produces consistent 

results. 

b. Define success criteria (e.g., error rates, sensitivity, specificity, precision) before 

starting validation. 

c. Run test samples to simulate normal workflows and confirm the process meets 

established criteria (e.g., PCR, sample prep, sequencing library). 

d. Ensure consistent results across different operators, reagent lots, and over 

time. 
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e. Document all validation results, including procedures, test conditions, and 

acceptance criteria. Retain records for compliance with standards. 

7.4.2. Instrument System Validation: 

a. Verifies that laboratory equipment performs as specified and continues to 

provide accurate results over time. 

b. Verify proper installation and functionality of the instrument, including 

hardware, software, and environmental conditions. Test for accuracy, 

sensitivity, and precision using known standards, and validate consistent 

performance through repeated tests. Perform regular calibration, preventive 

maintenance, and system checks as per manufacturer guidelines, documenting 

all activities, calibration logs, performance deviations, and any troubleshooting 

or repairs. 

c. Example: For a sequencing platform, instrument validation ensures the optical 

system detects fluorescence correctly, the sample prep system delivers 

accurate volumes, and the data analysis software interprets sequencing reads 

accurately. 

7.4.3. Procedural Validation (Testing Method): 

Confirms that individual laboratory procedures are accurate, reproducible, and 

capable of delivering reliable results. Each type of validation is essential for 

maintaining high-quality, reliable results in molecular and genomic diagnostics 

and research, while ensuring compliance with regulatory standards. 
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Table1. Performance Characteristics for Analytical and Assay Validation 

 

PERFORMANCE 

CHARACTERISTICS 
DEFINITION KEY INDICATORS 

Analytical 

Sensitivity: 

The ability of a test to correctly identify the 

presence of an analyte (true positive rate). 

Limit of Detection 

(LOD) 

Analytical Specificity: 

The ability of the test to correctly identify 

the target analyte without cross-reactivity 

or interference from other substances. 

Elimination of False 

Positives or False 

Negatives 

Accuracy: 
The degree to which the test result agrees 

with the true value or a reference standard. 

Use of known 

Standards or 

References Materials 

Precision: 

The ability of a test to produce consistent 

results when repeated under the same 

conditions (repeatability) and over multiple 

different conditions (reproducibility). 

Within-run, 

Between-run, 

Personnel - 

personnel 

Linearity and 

Dynamic Range: 

The range of analyte concentrations over 

which the test can produce accurate and 

reliable results. 

Upper and Lower 

limits of 

quantification (LOQ) 

Carryover and 

Contamination: 

The potential for contaminating analytes 

from one sample to affect subsequent 

samples. 

Testing as per 

Manufacturer's 

Recommendation or 

Established 

laboratory protocols. 

Interfering 

Substance: 

Any material or substance that can affect 

the accuracy or reliability of an analytical 

test or assay. 

Use of appropriate 

sample preparation 

techniques to 

remove or reduce 

interfering 

substances. 

Method Comparison 

and Concordance: 

When introducing a new assay, compare it to 

a validated or "gold standard" method. 

Concordance rates 

for positive and 

negative results 
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a. Establish clear performance criteria for each procedure, including analytical 

sensitivity, limit of detection (LOD), analytical specificity, accuracy, and 

reproducibility, and define acceptable ranges and limit of quantification (LOQ) 

for key parameters like amplification efficiency, DNA/RNA yield, and 

sequencing accuracy.  

b. Develop comprehensive SOPs with clear, step-by-step instructions to ensure 

consistent execution and reduce variability. 

c. Test samples to verify performance (e.g., PCR efficiency, DNA yield) and 

optimize conditions to minimize errors. Assess reaction conditions, such as 

primer efficiency, amplification specificity, and sensitivity. 

d. Apply QC checks at key stages (e.g., DNA purity before PCR, library quality 

before sequencing) to identify issues early. Ensure sequencing library quality 

before loading, run control samples with known outcomes (both positive and 

negative) to monitor performance, and establish clear acceptance criteria for 

samples based on QC results. 

e. Validate the procedure across different operators, reagent lots, and over time 

to ensure consistent results. Assess reproducibility across sites, document 

variability sources (e.g., reagent or operator differences), and implement 

corrective actions as needed. 

f. Identify sources of variability (e.g., reagent quality, operator differences) and 

implement corrective actions to address them. Keep a troubleshooting guide, 
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document deviations, and implement corrective actions with clear records of 

adjustments. 

g. Maintain comprehensive records of each validated procedure, including test 

results, QC data, troubleshooting actions, and any procedural changes and 

updates to protocols. Ensure documentation is accessible for inspections or 

audits, and keep logs of instrument maintenance, calibration, and 

troubleshooting. 

h. Ensure personnel are trained and competent in performing molecular tests 

according to SOPs, with periodic assessments and refresher training as needed. 

 

8. STANDARD FOUR: QUALITY MANAGEMENT SYSTEM (QMS) 

8.1. Organization 

8.1.1. International Standards Compliance:  

Laboratories must adhere to standards such as ISO 15189, CLSI GP26, and CAP 

guidelines to maintain accreditation. This involves establishing a Quality 

Management System (QMS) with clearly defined responsibilities, legal and ethical 

compliance, and active management oversight for continuous quality improvement. 

8.1.2. Good Professional Practice: 

Implement quality policies and objectives focused on delivering clinically valid and 

reliable services. 

8.1.3. Organizational Structure:  
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Define duties, responsibilities, and authorities to support all laboratory activities 

within the QMS framework. 

8.1.4. Communication:  

Facilitate effective communication with users and service providers, ensuring proper 

pre- and post-test counselling. 

8.1.5. Resource Allocation:  

Allocate adequate financial, technical, and human resources to support QMS 

compliance and staff training. 

8.1.6. QMS Implementation: 

Define and maintain QMS processes, including a quality manual and integration of 

quality-related activities. 

8.1.7. Quality Goals and Management Review:  

Establish quality goals aligned with the quality policy, and conduct management 

reviews to assess QMS effectiveness and drive continual improvement. 

8.1.8. Quality Policy Statement and Manual:  

Develop a concise quality policy statement and a quality manual describing the QMS, 

roles, responsibilities, and quality standards for molecular genetic tests. 

8.2. Personnel 

8.2.1. Staffing and Job Descriptions:  

An organizational chart should depict key laboratory positions and reporting 

relationships. Job descriptions must specify qualifications, responsibilities, and 
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expectations for each role, ensuring personnel have appropriate training and 

experience. 

8.2.2. Orientation Program:  

Provide an orientation program for new employees, covering specific laboratory 

practices, safety procedures, and ethical issues such as confidentiality of test results, 

testing minors, and patient interactions. 

8.2.3. Training:  

To ensure personnel possess the required technical knowledge and skills, 

laboratories must implement a structured training program. Continuous education 

programs are critical to keeping staff updated on both existing and emerging 

technologies, regulatory requirements, and safety standards. Role-specific training 

should align with individual responsibilities, with training records systematically 

maintained and reviewed regularly. Training is Required in the Following Situations 

(but not limited to): 

a. Onboarding new employees 

b. Adapting to role changes, including new positions or responsibilities 

c. Implementing new procedures 

d. Updating existing procedures 

e. Competency reassessment as indicated by evaluations 

f. Competency Assessment 

8.2.4. Competency assessments: 
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Competency assessments must be conducted regularly and upon the introduction 

of new processes to ensure all personnel, including consultants and genetic 

professionals, possess the required skills and knowledge. These assessments should 

be documented and supported by a structured program that tracks evaluations, 

defines minimum criteria, and specifies necessary additional training. This ensures 

compliance and alignment with laboratory standards. 

8.2.5. Responsibilities and Oversight: 

Personnel involved in molecular testing must be qualified to manage all aspects of 

testing, from pre-analytical procedures to final result reporting. Management should 

ensure appropriate oversight to maintain accuracy and reliability in testing. 

8.3. Documents and Records 

8.3.1. Document Control:  

The laboratory must have a structured document control system that manages the 

lifecycle of all documents, such as SOPs, quality manuals, policies, and technical 

worksheets. Documents must be regularly reviewed and updated to reflect any 

changes in procedures or regulations. This ensures alignment with CAP 

accreditation requirements and ISO 15189 standards. 

8.3.2. Records Retention and Accessibility:  

Laboratories must maintain quality-related records, such as test results, calibration 

logs, maintenance records, and incident reports, to ensure traceability and 

compliance with relevant guidelines. Records retention must meet patient needs, 
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regulatory requirements, and laboratory accreditation standards. Records must be 

accessible within a timeframe that supports patient care and laboratory operations. 

8.3.3. Data Integrity:  

Data integrity must be ensured at all stages—data entry, storage, processing, and 

retrieval. Laboratories must implement controls to prevent unauthorized changes to 

documents and maintain historical versions for traceability. 

8.3.4. Standard Precautions:  

All documents must reflect adherence to standard precautions for handling patient 

specimens, ensuring safety for personnel during molecular testing procedures. 

Appropriate controls, such as restricted access and backup measures, must be 

implemented to protect sensitive information and ensure data security. 

8.4. Advisory Services 

8.4.1. User Support and Consultation:  

Laboratories must provide effective advisory services to support healthcare 

providers in interpreting genetic testing results and in decision-making regarding 

patient care. These services must include both pre-test and post-test consultations, 

covering appropriate test selection, result interpretation, and follow-up 

recommendations. 

8.4.2. Qualified Personnel for Consultation: 

The laboratory must have subject matter experts, including laboratory directors, 

clinical consultants, genetic counsellors, or clinical scientists, available to provide 
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expert consultation and serve as a vital link between the laboratory, clinicians, and 

other healthcare providers. This ensures clinical decisions are supported by accurate 

and comprehensive information, particularly for complex cases. 

8.4.3. Consultation Policy and Qualifications:  

The laboratory's consultation policy must define the advisory services offered, the 

type of information provided, and the qualifications of the personnel (e.g., training, 

expertise) involved in providing these services. 

8.4.4. Genetic Counselling Services:  

Genetic counselling should be provided before and/or after testing, focusing on the 

implications of results, appropriate test selection, and specific patient needs. 

Laboratories may employ or have access to genetic counsellors to support patient 

care effectively. 

8.4.5. Communication at Laboratory/User Interfaces:  

Procedures should be established to ensure effective communication between the 

laboratory and users. These procedures must list services available for pre-

examination and post-examination activities, including appropriate sample 

submission, test details, interpretation of results, and suggestions for follow-up. 

Providing clear and actionable information supports healthcare providers in using 

genetic testing effectively. 

8.5. Assessment 

8.5.1. Quality Indicators and Performance Metrics:  
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Quality indicators (QIs) are used to measure the performance of selected processes, 

helping to assess whether quality objectives are being met. Examples include 

turnaround time (TAT), sample rejection rates, and proficiency testing performance. 

Monitoring these indicators allows for timely corrective actions. 

8.5.2. Proficiency Testing:  

Use external or internal quality control programs to assess the accuracy and 

reliability of laboratory procedures and results. Proficiency testing must be 

conducted regularly, and discrepancies identified must be resolved through 

corrective actions. 

8.5.3. Internal and External Audits:  

Conduct periodic internal and external audits to ensure comprehensive compliance 

with the Quality Management System (QMS).  

a. Internal audits should cover all aspects of laboratory operations, from pre-

analytical to post-analytical phases, focusing on adherence to established 

processes, identifying areas for improvement, and verifying compliance with 

internal standards. These audits should be conducted according to a defined 

schedule to ensure ongoing quality. 

b. External audits, including accreditation assessments and proficiency testing, 

provide an objective evaluation of laboratory performance. They serve as an 

impartial review to ensure compliance with international standards and 
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regulatory requirements, supporting continual improvement and 

demonstrating best practices in laboratory management. 

8.5.4. Process Evaluations:  

Assess adherence to Standard Operating Procedures (SOPs) during routine 

workflows. Identify bottlenecks or inefficiencies in the pre-analytical, analytical, or 

post-analytical stages. 

8.5.5. Management Review:  

Management must conduct regular reviews that include evaluations of audit results, 

quality indicators, resource needs, customer feedback, and any nonconformities. 

These reviews should result in actionable plans to enhance laboratory processes, 

allocate resources effectively, and ensure continual improvement of laboratory 

services. 

8.6. Management of Nonconforming Events  

8.6.1. Identification and Root Cause Analysis:  

Laboratories must establish procedures to identify, document, and investigate 

nonconforming events, including deviations from SOPs or unmet testing criteria. 

Conduct thorough root cause analysis to determine why the nonconformity 

occurred, classify its severity, and identify unmet requirements. Proper identification 

helps track recurring issues and prevent future occurrences. 

8.6.2. Corrective and Preventive Actions (CAPA):  
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Implement corrective actions following identification of a nonconformity, with the 

aim of eliminating detected issues and mitigating future occurrences. Preventive 

actions focus on preventing similar nonconformities. Follow-up activities must 

ensure the effectiveness of corrective actions, and all actions must be documented 

comprehensively. 

8.6.3. Resolution of Complaints:  

Laboratories must have a policy for recording and managing complaints within the 

corrective action process. Complaints may originate internally or from external 

parties such as patients or clinicians. Investigating complaints thoroughly and 

implementing effective corrective actions is crucial for continual improvement. 

8.6.4. Follow-Up and Documentation:  

Document all nonconforming events, corrective actions, and preventive actions 

comprehensively. Ensure the effectiveness of corrective measures is evaluated, and 

any lessons learned are incorporated into the QMS for ongoing improvement. 

8.7. Information Management 

8.7.1. Laboratory Information System (LIS):  

The LIS must be capable of managing and storing information generated throughout 

laboratory operations. It should accurately and reliably receive, handle, and track 

patient and test information, integrate with electronic medical records (EMR), and 

ensure security and data integrity. Regular validation of the LIS is crucial to 

guarantee reliability and performance. 
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8.7.2. Data Security and Confidentiality:  

Laboratories must secure patient data and laboratory records, complying with data 

confidentiality requirements. Access to sensitive information must be restricted to 

authorized personnel only. Confidentiality agreements and regular audits of 

information systems help mitigate risks associated with data breaches. The LIS must 

also facilitate confidentiality by restricting access to specific data, maintaining 

appropriate audit trails, and implementing safeguards. 

8.7.3. Data Backups and Recovery:  

Implement robust data backup and recovery plans to protect laboratory data against 

loss, including accidental deletion or system failures. Backups must be conducted 

regularly, and recovery procedures must be tested to ensure they are effective. 

8.7.4. Accessibility and Retrievability:  

Patient data must be accessible and retrievable within a timeframe that supports 

patient care. Laboratories must maintain easily accessible records, with appropriate 

controls to protect patient information. Dual identifiers, such as patient names and 

unique IDs, must be used to ensure records are appropriately matched and retrieved. 

8.7.5. Data Management:  

Effective data management is crucial for monitoring updates of genetic information 

and ensuring appropriate sharing of data while maintaining patient privacy. 

Laboratories must ensure that records are version-controlled, and any changes are 

documented accurately to support traceability. 
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8.8. Continual Improvement 

8.8.1. Quality Indicators:  

The laboratory must establish quality indicators to track performance, identify 

weaknesses, and implement improvements. Examples include monitoring 

turnaround times, equipment uptime, and error rates. Continual assessment and 

revision of these indicators based on laboratory data and outcomes will drive 

improvements. 

8.8.2. Customer Feedback:  

Feedback from clinicians and patients must be collected, analyzed, and used for 

improvement initiatives. Mechanisms must be in place for gathering feedback, 

addressing complaints, and monitoring satisfaction levels. 

8.9. Use of Referral Laboratories 

8.9.1. Referral Protocols and Agreements: 

Establish well-documented agreements for referral testing, including protocols for 

specimen transfer, result reporting, and turnaround times. Ensure referral 

laboratories comply with CAP, ISO 15189, and other relevant accreditation 

standards. 

8.9.2. Justification for Referrals:  

Referral testing may be needed due to limitations in resources, equipment, or 

expertise for certain tests. The referring laboratory must document the reasons for 

choosing a referral laboratory. 
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8.9.3. Communication and Documentation:  

Maintain effective communication channels between referring and referral 

laboratories to ensure proper specimen handling, testing, and timely reporting. 

Document all referral activities to maintain transparency and accountability. 

8.9.4. Evaluation of Referral Laboratories:  

Assess the quality, accreditation status, and capabilities of referral laboratories 

periodically to ensure reliability. Consider factors like sample turnaround time, 

methodology used, and cost. 

8.9.5. Government and Institutional Requirements:  

Ensure that referral laboratories meet all applicable regulatory and institutional 

requirements. Maintain records of credentials and agreements for each referral 

laboratory used. 

8.10. Evaluation of Vendor Qualification 

8.10.1. Vendor Selection and Evaluation:  

Laboratories must evaluate and qualify vendors that supply critical materials, 

equipment, and services. Vendor evaluations should assess quality certifications, 

supply reliability, and performance history. Vendors must comply with the 

requirements that align with laboratory quality standards. 

8.10.2. Periodic Review and Requalification:  
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Laboratories must conduct periodic reviews of vendor performance, focusing on 

factors such as quality, service, and cost-effectiveness. If vendors fail to meet 

quality requirements, alternative sources must be considered. 

8.11. Laboratory Equipment 

Laboratories must have written policies and procedures in place for equipment 

management that should include the following: 

8.11.1. Identification:  

Assign unique identification codes to each piece of laboratory equipment to ensure 

traceability and effective tracking throughout its lifecycle.  

8.11.2. Qualification Process:  

Conduct Installation Qualification (IQ), Operational Qualification (OQ), and 

Performance Qualification (PQ) to confirm that all equipment is installed correctly, 

operates within intended parameters, and delivers reliable results. This includes 

not only physical laboratory equipment but also computer systems critical to 

laboratory operations, such as Laboratory Information Systems (LIS), document 

management systems, and systems for managing quality activities (e.g., personnel 

training, non-conformances, and audit tracking). Training from system providers 

and communication with user groups should be utilized to support these 

qualification activities. 

8.11.3. Calibration and Maintenance:  
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All equipment used in molecular genetic testing must be regularly calibrated and 

maintained to ensure that it remains fit for purpose. Define a maintenance 

schedule based on manufacturer recommendations, frequency of use, and 

operational risk. 

8.11.4. Service and Repair:  

Record all service and repair activities, ensuring that equipment is repaired 

promptly to reduce downtime and maintain quality standards. 

8.11.5. Equipment Files and Records:  

Maintain detailed records for all equipment, including installation, qualification, 

calibration, maintenance, and repair activities for traceability and quality control. 

8.12. Facilities, Environment, and Safety 

8.12.1. Facilities   

a. Laboratories must provide appropriate infrastructure and accommodations to 

ensure safe, efficient, and high-quality operations. 

b. Workflow design and space allocation should support seamless activities such 

as sample collection, processing, and service delivery. 

c. Specific workflows, such as nucleic acid amplification and molecular oncology 

testing, require: 

d. Separate, designated areas for key procedures. 

e. Use of closed systems and unidirectional workflows to minimize cross-

contamination. 
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f. Proper handling and control mechanisms to ensure contamination-free 

operations. 

8.12.2. Environmental Conditions:  

a. Laboratories must monitor and maintain optimal conditions, including 

temperature, humidity, and ventilation, to protect the integrity of procedures 

and samples. 

b. Proper storage and organization of samples, reagents, and laboratory records 

are essential to ensure compliance and reliability. 

c. Environmental monitoring should be documented, and corrective actions 

implemented as needed. 

8.12.3. Safety Programs: 

a. All staff must receive comprehensive training on emergency protocols, infection 

control, and universal precautions, ensuring they are well-prepared for safety 

measures. The proper use of personal protective equipment (PPE), such as lab 

coats, gloves, and safety glasses, is essential to maintain a safe working 

environment. 

b. Laboratories must develop and enforce procedures for the safe handling and 

disposal of hazardous materials, including biohazardous waste and chemicals, 

while maintaining up-to-date Material Safety Data Sheets (MSDS) for all 

substances. Additionally, they should establish safety committees or conduct 

regular audits to ensure compliance and operational readiness. 



 

 
Standards for Molecular and Genomics Testing Laboratory Services  

Code: DHA/HRS/HPSD/ST- 65   Issue Nu: 1   Issue Date: 31/12/2024   Effective Date: 31/03/2025   Revision Date: 31/12/2030  Page 122 of 138 

 

8.13.  Standards and Oversight:  

8.13.1. Adherence to recognized guidelines, such as ISO 15189, CAP, and CLSI standards, 

is crucial for the effective management of facilities, environmental conditions, and 

safety protocols. Regular reviews and updates to practices are essential to ensure 

ongoing compliance and achieve operational excellence. 

 

9. STANDARD FIVE: ETHICAL CONSIDERATIONS 

9.1.  Informed Consent 

Informed consent is a legal and ethical requirement for molecular laboratories, 

particularly in genetic and molecular testing. DHA/HRS/HPSD/GU-05: Guidelines for 

Patient Consent outline the procedures for obtaining, documenting, and validating 

patient consent. Key aspects include: 

9.1.1. Clear communication of risks, benefits, and alternatives for tests or procedures. 

9.1.2. Ensuring consent is obtained in written form, in a language the patient 

understands, and supported by appropriate documentation. 

9.1.3. Special provisions for vulnerable populations (e.g., minors or incompetent 

patients). 

9.2.  Genomic Data Management 

9.2.1. Genomic data is collected using various sequencing technologies, such as next-

generation sequencing (NGS), and encompasses several types of genetic information, 

including: 

https://www.dha.gov.ae/uploads/042024/Guidelines%20for%20Patient%20Consent%20V12024444801.pdf
https://www.dha.gov.ae/uploads/042024/Guidelines%20for%20Patient%20Consent%20V12024444801.pdf
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a. DNA Sequence Data: The precise arrangement of nucleotides (A, T, C, G) in the 

genome, which serves as the organism's genetic blueprint. 

b. RNA Sequence Data: Information about the transcriptome, or the collection of 

RNA molecules (mainly mRNA) transcribed from DNA, which reflects gene 

expression patterns. 

c. Epigenetic Data: Data on chemical modifications to the genome (such as DNA 

methylation or histone modifications) that can influence gene expression 

without altering the DNA sequence itself. 

d. Genomic Variants: Variations in the DNA sequence, including single                     

nucleotide polymorphisms (SNPs), insertions, deletions, and structural changes, 

which can be linked to specific traits, diseases, or treatment responses. 

e. Methylation Data: A subset of epigenetic data focusing on patterns of DNA 

methylation, which can regulate gene expression and is often involved in disease 

processes. 

9.2.2.  Generation of Genomic Data:  

Genomic data is generated using advanced technologies and methods. 

Comprehensive genomic profiling is common, and selecting appropriate 

methodologies depends on the study's goals. Key considerations: 

a. Clinical applications must use assays validated according to local 

regulations. 
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b. Exploratory research may use research-grade tools, but analytical 

validation is essential for accuracy. 

c. Documentation of the entire process from sample collection to data 

analysis is critical. 

d. Quality control (QC) protocols should be defined upfront and standardized 

for consistency. 

9.2.3.   Data Privacy Laws in Genomic and Clinical Laboratories:  

a. Regulatory Framework:  

Clinical and genomic laboratories must adhere to robust data privacy 

laws, such as HIPAA, GDPR, and UAE federal laws, to protect 

sensitive genomic and health information. Key principles include: 

i. Health Information Protection: Safeguard identifiable health data from 

unauthorized access or misuse. 

ii. Informed Consent: Ensure individuals provide informed consent for data 

collection, use, and sharing. 

iii. Data Minimization: Limit data collection to what is necessary for the 

intended purpose. 

iv. Data Security: Implement encryption, secure access controls, and other 

measures to protect data integrity and confidentiality. 

v. De-identification: Remove personal identifiers to allow safer data use in 

research and other contexts. 
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b. Individual Rights: Individuals must have the following rights concerning their 

data: 

i. Access: The right to view and obtain a copy of their data. 

ii. Rectification: The right to correct inaccurate or incomplete data. 

iii. Erasure: The right to request deletion of their data where applicable. 

iv. Objection: The right to object to the processing of their data under certain 

conditions. 

c. Cross-Border Data Transfers: When transferring data across borders, 

laboratories must comply with GDPR or equivalent international standards to 

ensure data protection. 

d. Importance of Data Privacy in Laboratories: Genomic and clinical laboratories 

process highly sensitive data, including health history and genetic information. 

Adherence to established data privacy laws ensures: 

i. Ethical handling of personal health and genomic data. 

ii. Prevention of unauthorized access or misuse. 

iii. Alignment with global standards for data protection. 

9.2.4. The most common Key Provisions in any data privacy laws are as: 

a. Health Information: Any health-related information that can identify an 

individual. This includes personal details, medical history, lab results, and even 

genetic information. For example, a clinical lab analyzing a patient’s genetic 
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data must treat that information as protected health information and take 

steps to keep it private. 

b. Privacy: This provision carries health information, including genomic data, 

which can be shared. The individuals must give their consent before their 

health data can be used for research. However, it can be used without consent 

if it is de-identified (i.e., all personal identifiers are removed). 

c. Data Minimization: Only the data necessary for a specific purpose should be 

collected. For example, a genomic lab should only collect the information 

required to analyze a person’s genome, not more personal details than needed. 

d. Security: Data security means the protection of electronic health information. 

Clinical and genomic labs must have safeguards in place, like encryption and 

access controls, to protect the data from being hacked or exposed. 

e. De-Identification of Data: To make genomic data safer for research, labs can 

de-identify it—removing personal identifiers so it can’t be linked back to an 

individual. This allows researchers to use valuable data without compromising 

privacy. 

f. Breach Notifications: If there is a breach-meaning someone unauthorized gets 

access to health data must notify the affected individuals, depending on the 

scale of the breach. 

9.2.5. The Individual Rights: The individuals should have the following rights when 

submitting the samples to a laboratory. 
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a. Right to Access: People can ask to see what data is held about them. 

b. Right to Erasure/ Forgotten: People can request that their data be deleted if 

it's no longer necessary. 

c. Right to Rectification: If there are mistakes in someone's data, they have the 

right to correct it. 

d. Right to Object: People can opt out of their data being used for research or 

other purposes. 

9.2.6. Ethical Considerations 

a. Informed Consent: Obtaining clear informed consent from individuals whose 

genomic data will be shared is crucial. Consent forms should specify the 

following: 

i. The type of data to be shared (e.g., DNA sequences, health data). 

ii. The intended purposes of sharing (e.g., research, clinical use). 

iii. Who will have access to the data? 

iv. The risks and benefits of sharing the data. 

v. Whether the data will be shared with third parties. 

vi. If data is being used for secondary research or shared with new 

collaborators, individuals must provide explicit consent for these uses. 

9.2.7. Security and Data Protection 

a. Data Encryption 
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i. To protect genomic data during transmission, use strong encryption 

protocols.  

ii. This ensures that the data remains secure and unreadable to unauthorized 

parties. 

b. Access Control: Implement robust access controls to limit data access to 

authorized individuals only. This can be achieved through: 

i. Authentication protocols (e.g., strong passwords or multi-factor 

authentication). 

ii. Role-based access control (RBAC) to restrict access based on the user's 

role. 

iii. Audit trails to log and monitor access, ensuring accountability. 

9.2.8. Secure Storage 

a. Store genomic data in secure environments like encrypted servers or compliant 

cloud storage. Ensure the storage system complies with relevant data 

protection regulations (e.g., UAE Federal Laws, HIPAA, GDPR). Backup 

systems should be implemented and recovery plans to prevent data loss. 

9.2.9. Data Sharing with Third Parties 

a. Data Use Agreements (DUAs): When transferring genomic data, there should 

be clear Data Use Agreements (DUAs) or Material Transfer Agreements 

(MTAs).  
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b. These agreements should define the terms for data usage, addressing the 

following aspects: 

i. Who can access the data? 

ii. What specific data will be shared (e.g., raw sequences, clinical data)? 

iii. The time duration for which data can be used. 

iv. Any restrictions on data redistribution or repurposing. 

v. These agreements ensure both parties understand their responsibilities and 

help safeguard the data’s privacy and security. 

c. Cross-Border Data Transfers:  

Genomic data transfers across international borders must comply 

with applicable regulations to maintain data protection standards. 

d. Data Transfer Mechanisms:  

Adopt recognized mechanisms for cross-border data transfers, such as: 

i. Standard Contractual Clauses (SCCs): Legal agreements ensuring the 

receiving country adheres to data protection standards. 

ii. Binding Corporate Rules (BCRs): Internal policies ensuring organizational 

compliance with global data protection laws. Verify that the receiving 

country offers an adequate level of data protection, as required by 

regulations like GDPR. 

e. Consent for International Transfers:  
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If genomic data is being transferred internationally, obtain explicit consent 

from data subjects. The consent form should outline potential risks and 

protective measures for the data during transfer. 

f. Data Repository Sharing:  

When sharing genomic data with publicly accessible repositories (e.g., 

GenBank), ensure that the data is anonymized and that the repository follows 

clear guidelines regarding data usage, security, and access restrictions to 

prevent unauthorized use. 

9.2.10. Data Integrity and Quality Control 

a. Data Validation: Quality Control and Documentation 

b. Transparency and Accountability 

c. Transparent Reporting: Ensure complete transparency about the sharing or 

transfer of genomic data by informing. 

d. Accountability and Oversight: Establish clear accountability mechanisms for 

handling genomic data. Regular audits and assessments should be conducted 

to ensure ongoing compliance with privacy, security, and ethical standards. 

9.2.11.  Emergency Situations and Data Breaches 

a. Breach Notification: In the event of a data breach, promptly notify the relevant 

authorities and individuals whose data may have been compromised.  

b. Corrective Actions: Implement corrective actions following a data breach.  
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9.3.  Genetic Counselling and Communication 

Genetic counselling is a structured communication process aimed at providing individuals 

and families with information, support, and guidance regarding genetic conditions, 

testing, and their implications for health, reproduction, and family planning. 

9.3.1. Indications for Genetic Counselling 

a. Individuals who should consider genetic counselling include: 

i. Family History of Genetic Disorders: Those with a history of genetic 

conditions, such as cystic fibrosis, sickle cell anemia, or hereditary cancers. 

ii. Prenatal and Reproductive Planning: Individuals planning pregnancies, 

currently pregnant, or undergoing fertility treatments, such as IVF. 

iii. Unexplained Health Conditions: Individuals diagnosed with rare or 

unexplained conditions seeking insights from genetic testing. 

iv. Cancer Risk Assessment: Those with a strong family history of cancers (e.g., 

breast, ovarian, colon) or known genetic mutations (e.g., BRCA1, BRCA2). 

v. General Genetic Health Understanding: Individuals exploring genetic factors 

influencing health conditions like heart disease, diabetes, or personalized 

medicine approaches. 

9.3.2. Genetic Counselling Process 

a. Initial Consultation: Collect medical and family history, discuss health concerns, 

and assess goals for counselling. 
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b. Risk Assessment: Evaluate the likelihood of genetic conditions based on family 

patterns, medical records, and demographic factors. 

c. Genetic Testing Options: Recommend appropriate tests, such as non-invasive 

prenatal testing (NIPT) or next-generation sequencing. 

9.3.3. Support and Guidance: Assist in decision-making, provide emotional support, and 

offer resources for managing identified risks. 

a. Decision-Making 

i. Informed Choices: Support individuals in making decisions aligned with 

personal values and circumstances. 

ii. Family Considerations: Evaluate the implications of genetic information on 

family members and encourage open communication. 

b. Emotional and Psychological Support 

i. Coping Strategies: Offer resources for managing stress and anxiety, such as 

counselling or support groups. 

ii. Family Communication: Encourage open discussions to address potential 

impacts on family relationships. 

 

9.3.4. The Role of Family History 

a. Family Trees: Construct detailed family histories to identify inheritance 

patterns and assess risks. 
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b. Family Dynamics: Address potential reactions and sensitivities related to 

sharing genetic information. 

9.3.5. Ethical and Privacy Considerations 

a. Confidentiality: Ensure genetic information is securely stored and access is 

limited to authorized individuals. 

b. Informed Consent: Clearly outline the implications, risks, and benefits of   

genetic testing before proceeding. 

9.3.6. Test Results Interpretation 

a. Genetic test results must be communicated by qualified professionals and  

categorized as follows: 

i. Positive Results: Presence of a variant linked to a condition. 

ii. Negative Results: No mutation detected, though this does not eliminate all 

risks. 

iii. Variant of Uncertain Significance (VUS): Mutation identified with unclear 

clinical relevance, requiring further interpretation. 

9.3.7. Management of Results 

a. Positive Results: Provide guidance on condition management, treatment     

       options, and available support resources. 

b. Negative Results: Discuss the implications and address any remaining  

       concerns, particularly in cases with a familial history of conditions. 

9.3.8. Long-Term Health Management 
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c. Ongoing Monitoring: Plan regular health screenings or follow-ups based on    

genetic findings. 

d. Family Planning: Explore reproductive options, including preimplantation    

genetic diagnosis (PGD) and prenatal testing. 

e. Preventive Measures: Recommend lifestyle adjustments or preventive care to 

mitigate identified risks. 

f. Genetic Surveillance: Establish a monitoring plan for conditions requiring   

long-term oversight. 
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