OVERVIEW OF A QUALITY-ASSESSMENT SYSTEM
Quality Assessment   
Quality assessment (QA) ensures that the final results reported by the analyst for all the analytes measured in the laboratory are accurate and of the highest quality.  To achieve high-quality results, full staff participation is required.  All laboratory personnel should be aware of the necessity for quality performance to ensure that the laboratory retains its accreditation.  QA ensures that all of the following items are addressed: 1) avoidance of mistakes; 2) consistency of performance; 3) data integrity; and 4) opportunities for training.  
The basic components of a QA system include: 1) internal quality control (QC) through the use of bench and blind QC samples; 2) external QA via participation in proficiency testing programs; 3) equipment monitoring and maintenance; 4) documentation of policies and procedures; 5) proper staff training; and 6) laboratory audits.  However, before the quality and consistency of any laboratory method can be monitored, prospect methods must be validated (for accuracy, precision, sensitivity, and ruggedness) and verified periodically (verification of calibration, verification of accuracy of pipettes, instruments, etc.).
Internal Quality Control   

Bench QC: Bench QC pools are typically prepared in-house by the laboratory in quantities sufficient to last for a few years (depending on the stability of the material) and they are incorporated after characterization into each assay in an open way (analyst knows the identity and concentration expected in the sample).  

Usually three levels of bench QC pools—a low, medium, and high pool—are prepared.  During each assay, these three levels of bench QCs are analyzed together with unknown subject samples by placing them at the beginning and the end of the run. 

Laboratories should prepare their own bench QC pools and characterize them appropriately (throughout a 20-day period) before incorporating them into the analysis of survey samples.  Separate documents provide guidance about how to prepare bench QC pools, including how to determine and apply acceptability limits for each pool.  No micronutrient survey samples should be analyzed without using bench QC samples in every run (ideally at the beginning and end of each run).  If the QC pools are not within the acceptability limits, the assay should not be accepted; the analyst should determine the cause of the QC failure, and address the problem appropriately, and repeat the run.

Blind QC:  Blind QC pools also typically are prepared in-house by the laboratory in quantities sufficient to last for a few years (depending on the stability of the material) and incorporated after characterization into each assay in a blinded way (analyst does not know the identity and concentration of the samples).

Two levels of blind QCs samples (e.g., a low and high pool) are typically prepared by the laboratory.  The blind QC samples labels are very similar to the survey subject’s labels, and only the supervisor or someone not involved with the analysis should know which samples are blind.  Also, only the supervisor or someone not involved with the analysis should insert the blind QC samples into the survey samples to ensure the analyst does not know the position of the blind QC samples in the box.  

Using blind QC samples helps the survey coordinator or the external party evaluating the laboratory results better judge the laboratory performance and, therefore, builds confidence in the data.  Ideally, similar variability (CV) on bench and blind QC samples is expected.  Using blind QC samples also helps identify potential errors that may occur when the samples are misidentified during the assay because the supervisor knows the position of the blind QC and its concentration.

External Quality Assessment/ Proficiency Testing Program  
External Quality Assessment (EQA) is a valuable and important tool for laboratories to assess how their values compare to other methods and laboratories and, therefore, to assess the quality of their results.  For example, a laboratory may be performing consistently based on its internal QA program; only when it participates in an external QA program would it notice how its results compare to other methods and laboratories.  

The Centers for Medicare & Medicaid Services (CMS) maintains a list of official, proficiency testing (PT) programs approved by Clinical Laboratory Improvement Act (CLIA) (http://www.cms.hhs.gov/CLIA/14_Proficiency_Testing_Providers.asp).  In these programs, laboratory performance is rated according to pass/fail criteria.  EQA programs are not regulatory in nature, but they do provide valuable feedback to laboratories.
Some common EQA/PT programs for nutritional indicators are available at: 

· College of American Pathologists (CAP) (http://www.cap.org/apps/cap.portal) 

· United Kingdom Vitamin D External Quality Assessment Scheme (UK DEQAS) (http://www/deqas.org)

· United Kingdom National External Quality Assessment Service (UK NEQAS) (http://www.ukneqas-haematinics.org.uk/)
· National Institute of Standards and Technologies Micronutrients Measurement Quality Assurance Program (NIST MMQAP) (http://www.cstl.nist.gov/acd/839.02/qa.html)
These programs provide QC samples to participating laboratories several times per year (the number of samples and frequency may vary with different programs).  The unknown samples are analyzed by participating laboratories and the results are reported to the organizer within a predefined reporting period for performance assessment.  The organizer compiles all results and generates reports that are distributed to the participating laboratories.  The EQA program sets criteria for acceptability of the participating laboratory’s results based on different criteria.  Typically, laboratory results are compared to an all laboratory trimmed mean (ALTM) or a method-specific mean (if method differences exist), therefore the interpretation of results is not necessarily accuracy based.  However, if a particular analyte has been standardized and/or if target values for the EQA materials have been assigned by an accuracy-based method, the EQA program can check for accuracy of results.  The laboratory results are considered acceptable if they fall within the range of acceptability.  Typically, 80% of laboratory results must fall within predefined acceptability limits for the laboratory to pass an EQA challenge.  
Equipment Monitoring and Maintenance

Laboratory equipment should be checked regularly to ensure acceptable performance.  Each analytical procedure outlines the maintenance and function tests that must be conducted on the equipment to ensure proper method performance and acceptable results.  These checks must be made at the interval specified in the procedure documentation.  Maintenance and function checks should be documented in the equipment log.  Failure of a function check, and remedial action taken, also should be documented in the equipment log.  It is also important to regulate the temperature of instruments with temperature-dependent components or functions.

Stable temperatures must be maintained in freezers in which assay materials requiring low temperatures (e.g., -20ºC or -70ºC) are kept.     Freezer and refrigerator temperatures should be checked weekly and results should be recorded in maintenance logs.  Freezers and refrigerators should be monitored regularly for excessive ice deposits and inoperative cooling fans.   Eye-wash stations should be flushed weekly.  Deionized water systems and fire extinguishers should be checked monthly.  Problems should be reported to the laboratory chief for action.       

Equipment monitoring maintenance logs:  The calibration of pipettes and pipetting devices should be verified regularly (at least every 6 months) and results should be recorded in maintenance logs; pipettes should be recalibrated if they do not meet performance specifications.  The calibration of balances and centrifuges should be verified at least annually and results should be recorded in maintenance logs; balances and centrifuges should be recalibrated if necessary.  Other equipment such as spectrophotometers should be calibrated regularly to ensure that they provide accurate readings and results should be recorded in maintenance logs.  Date, finding, and person conducting the procedure should be recorded in the maintenance log for any calibration, calibration verification, or maintenance procedure.  Dates of replacement of parts, such as inline filters, columns, and guard columns, should be noted.  For chromatographic methods, test chromatograms for each column should be kept.  Each new column should be compared to the column it is replacing by analyzing a set of QC pools to ensure that the column gives acceptable separation before it is used for routine analyses.  

Documentation of Policies and Procedures  
Documentation is a written procedure to be followed by all the staff working on the analyses.
Safety precautions for all methods and procedures should be well documented.  The laboratory chief ensures that the primary laboratory analyst has read and is familiar with safety precautions involved in each procedure.

A written Methods Procedure Manual for performing all analytical methods used by the laboratory must be readily available and followed by laboratory personnel.  It must be approved, signed, and dated by the laboratory director.  Any changes must also be approved, signed, and dated by the laboratory director.  To assure uniformity and minimize differences between analysts, all staff performing analyses must be aware of any changes so that everyone follows the same procedures. 
For analytical runs, the run date, calibration results, QC results, and the analyst who prepared the specimens should be kept.  Ideally, records of everything that might affect the results of the analyses should be kept.  These records will make it simpler to determine the source of analytical problems and correct them.

Labeling is a key component for staff both in the laboratory and in the field:
· Laboratory:   Reagents, solutions, and other supplies must be labeled appropriately to indicate the identity of contents, concentration, preparation and expiration date, name of preparer, recommended storage requirements, and any other pertinent information required for proper use.  Chemicals should also be labeled to indicate a receipt date and open date.
· Field:  The field and laboratory staff involved in the surveys should be well trained to properly label Vacutainers/vials used for blood or urine collection and sample storage, and slides used to prepare malaria smears.  The cryovial boxes used for storing samples should be labeled appropriately and stored in freezers.  All samples collected and stored should be documented using electronic lists.  Bar-code labeling of tubes, vials and boxes is preferred whenever possible.
· Shipping of samples:  The procedures for packing the styrofoam boxes used for shipping samples on dry ice to other laboratories for analysis should follow the IATA regulations.  The boxes should be labeled with a dry-ice label indicating the quantity of dry ice and other labels as applicable.  An appropriate shipping list, which includes the study name, date of sample collection, number of samples, and any other relevant information, should be included with the samples.  Documentation of samples shipped to various laboratories for analysis should be maintained by the sender and receiver.
Training and Evaluation of Staff

Qualified, well-trained, and competent personnel are essential for good laboratory performance.  New staff members should be trained appropriately to perform the assay with the best possible accuracy and precision.  Staff performance is evaluated by:

· direct observation of test performance, specimen handling, and specimen

      processing and testing; 

· direct observation of recording and reporting of test results; 

· review of QC results, proficiency testing results, and preventive maintenance records; 

· direct observation of performance of instrument maintenance and function      checks; 

· review of blind QC data; and 

· assessment of problem-solving skills. 

Evaluation is performed by the laboratory chief or their designee.  If necessary, additional training must be provided to enhance the technical skills.   

Method Validation  
Any prospective method must be validated before it is used for patient testing.  Validation of an analytical method is the process that establishes that the method’s performance characteristics meet the requirements for the intended analytical applications.  Performance characteristics are expressed in terms of analytical parameters (accuracy, precision, sensitivity, specificity, and ruggedness).

· Accuracy:  The closeness of test results to the “true” results.  
· Precision:  The degree of agreement among individual test results when the procedure is applied repeatedly.
· Sensitivity:  Measured by the limit of detection (LOD), which is the lowest level of analyte in a sample that can be detected or the level at which the measurement has a 95% probability of being greater than zero.
· Specificity:  The determination that the correct component is being measured.  Use multiple methods, if possible, to assure specificity.  Test potential interferences; test reference materials; compare results with a more definitive method (reference method).  
· Ruggedness:  The change in accuracy, precision, sensitivity and/or specificity resulting from changes in method parameters likely to occur during analyses.   Method parameter changes are generally quantitative (e.g., length of incubation or reaction time, amount of enzyme used, temperature, residence time on column, concentration of buffer).

Method Verification

All methods must be verified regularly to ensure that they are still performing as expected.
Calibration:  Calibration is performed using calibration material that contains a known amount of analyte.  Based on the assay, various concentrations of the calibration material are used to generate a calibration curve.  Generally, calibration curves are linear and every run contains a calibration curve, but that is not always the case.
Calibration verification:  Calibration verification is the analysis of calibration materials in the same manner as patient samples to confirm that the calibration of the instrument, kit, or test system has remained stable throughout the laboratory’s reportable range for patient test results.  Calibration verification is used to ensure that the accuracy of the measurement process across the reportable range is maintained over time.  It is performed routinely using standard reference materials after any change in the analytical procedure that is likely to make a non-trivial difference in sample results (change of reagent lots, replacement of critical parts that may influence test performance, controls are not within the acceptable limits, etc.).  If the test system calibration procedure includes three or more levels of calibration material (low, mid, and high value) and is performed at least once every six months, the requirement for calibration verification is met.  
Some common standard reference materials for nutritional indicators are available at: 

· National Institute of Standards and Technology (NIST) (http://www.nist.gov/index.html) 
· National Institute for Biological Standards and Control (NIBSC) (http://www.nibsc.ac.uk/) 

· Institute for Reference Materials and Measurements (http://irmm.jrc.ec.europa.eu/html/homepage.htm)
Laboratory Audits

Internal laboratory audits verify compliance with technical and operational procedures.
Use of trade names and commercial sources is for identification only and does not imply an endorsement by the U.S. Department of Health and Human Services (DHHS) and the Centers for Disease Control and Prevention (CDC).  
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