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Definitions: 

Quality Control:- 

 
 

– the process of detecting errors 

 

 

– the systems or procedures in place to 

avoid errors occurring 

• Quality Assurance:- 
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Quality 
Assurance 

Quality Control 
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The sample: 

Analytical Errors.. 

 

– labelling 

• barcoding / aliquoting 

– preparation 

• centrifugation / aspiration  

– storage temperature 

• short –term refrigeration 

• medium term freezing at –20oC 

• long term freezing at -80oC 

– correct test selection 

• Laboratory Information Management System (LIMS) W
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The sample: 

Glassware / pipettes / balances 

Analytical Errors.. 

 

 

– used incorrectly 

– contaminated 

– poorly calibrated 

– reuse of pipette tips 
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The sample: 

Glassware / pipettes / balances: 

Reagents / calibrators / controls: 

 

 

Analytical Errors.. 

 

 

 

 

– poor quality 

– inappropriate storage 

• correct temperature  

• badly maintained fridges or freezers 

– stability 

• shelf-life / working reagent  

– incorrect preparation 
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The sample: 

Glassware / pipettes / balances: 

Reagents / calibrators / controls: 

The application: 

 

Analytical Errors.. 

 

 

 

 

 

– incorrect analytical procedures 

– poorly optimised instrument settings 

 

W
W

W
.P

IS
H

T
A

Z
T

E
B

.C
O

M
 



w
w

w
.t

h
e
m

e
g

a
ll
e
r
y
.c

o
m

 

The sample: 

Glassware / pipettes / balances: 

Reagents / calibrators / controls: 

The application: 

The instrument: 

 

 

 

Analytical Errors.. 

 

 

 

 

 

 

– operational limitations 

• temperature control/read times/mixing/carry-over 

– lack of maintenance 

• worn tubing / optics / cuvettes / probes 
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Other Factors.. 

Calculation errors: 

 incorrect factor / wrong calibration values  

Dilutions errors: 

 incorrect dilution or dilution factor used 

Lack of training: 

The human factor: 

 tiredness / carelessness / stress 
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 Five M of Quality 

 Man 

 Machine 

 FACILITY (SIZE, CONSTRUCTION, LOCATION) 
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Qualifications, 

Organization, Job 

description, 

Training, etc. 

Qualification, Calibration 

 Manual 
Methodology 

Material/ 
Sample 

Storage 

Label 

 Motivation 
SOP, Mfr  

Bruchure 

P
re

a
n

a
ly

tic
a
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o

s
t-a
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tic
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l Analytical 

(Examination Phase( 
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ISO 15189:2012(E) 

5.5.1.2 Verification of examination 
procedures 

 Validated examination procedures used 
without modification shall be subject to 
independent verification by the 

      laboratory before being introduced into     

      routine use. 

 The laboratory shall obtain information 
from the manufacturer/method developer 
for confirming the performance 

     characteristics of the procedure. 
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METHOD VALIDATION 

Specificity 

Mfr claimed  

Performance 

 Characteristics 

(Quantitative, Qualitative) 
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Reference 
Interval 
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When to Do Method Validation 
Studies: 
When considering purchasing a new system 

 

When placing a new system into service 

 

 At regular intervals to assess on-going 
system performance 

 

When troubleshooting questionable system 
performance 
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Basic Components of Method Validation Studies:  
 

Precision Studies 

Accuracy Studies 

Range Validation/Verification Studies 

 Reportable Range 

 Critical Limits 

 Analytical Measurement Range 

 Clinically Reportable Range  

 Calibration Verification / Linearity 

 Reference Range Studies 
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Precision Studies 

 Characterize the reproducibility of a test system 

 Performed by repetitive testing of the same sample 

 Intra-run 

 Inter-run 

 Between lot 

 Between Lab 

 How to perform 

     Precision should be measured using a minimum of five determinations per 

concentration 

      A minimum of three concentrations in the range of expected concentrations 

is recommended 

 Statistical parameters 

 Mean 

 Standard Deviation (SD), mg/dL 

 Coefficient of Variation (CV), % 

 Represent Random or indeterminate  Error 

 Acceptability Expectations…the lower the better 
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Precision: intra-day and inter-day 
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5. Interfering  
Substance 

1. Reagents 
2. Pipetting Error 

3. Binding  
Reaction 

4. Color Reaction  
& Detection 

Sources of Imprecision 
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6. Data Processing 

Antibody, antigen, calibrator, 
diluents, wash solution, etc. 

Accuracy, precision, 
carryover, calibration, 
setting 

Timing of reagent 

additions,  

incubation time and  

Temperature 

Timing, temperature,  
stability of substrate 
and color product, 
Spectrophotometric 
error 

Bilirubin, drugs, 
Hb, Metals, 
Lipids, 
Macromoleculs 
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Validation methods 17 

Accuracy 
 

Closeness of determined value to the true value. 

Represent Systemic Error. or Bias (X-m) 

 
The acceptance criteria is mean value  15% 
deviation from true value.  
 
At LOQ, 20% deviation is acceptable. 

 

Accuracy (%)  = 100  x   

Found value  -  Theoretical value 

Theoretical value 

Poor Precision 
Good Accuracy 

Good Precision 
Poor Accuracy 

Poor Precision 
Poor Accuracy 

Gold  
Standard 

Silver  
Standard 

Off-Base 
 Model 

Hit or 
 Miss Model 

Good Precision 
Good Accuracy 
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1. Recovery test: Adding a 

known amount of analyte to a 

base and measuring the 

concentration 

  2. Specificity (cross-

reactivity) 

  3. Interferences 

  4. Parallelism (Linearity) 

Correlation  
Comparing the results to a 

reference values obtained from 

a definitive method, optimally at 

least 40 different samples 

(minimum of 20 for statistical 

validity) 

good distribution of sample values 

ranging from low to high 

  

How Accuracy Determined 

Direct Indirect 
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Correlation 

3. Parameters like m,  

 Y intercept, r, Bias, etc 

2. Samples:  At least 40 samples 

 (~200-300 serum samples) 

1. Reference method 
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 Regression Statistics Review: 

 Correlation Coefficient (r) - characterizes the 

dispersion of results around the line of best fit. 

 Slope - The “lean” of the line of best fit 

(proportional bias) 

 Y-Intercept - the point at which the line of best fit 

intersects the Y axis. (constant bias) 

 Acceptability Criteria: 

 Correlation Coefficient (r) - the closer to 1.0 the 

better 

 Slope - The closer to 1.0 the better 

 Y-Intercept - the closer to zero the better 
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Linearity 

1 
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2 

One of most 

useful 

demonstration 

of accuracy 

 

Tested by 

dilution 

experiments 
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Linearity Measurement 

1 2 3 

Requires a 

minimum of 

4-5 concent. 

levels 

 

0,  25%,  50%,  

75%,  100% 

solution 

3 replicates 

of each 

solution 

tested 

Linearity Graph
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Sensitivity 
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Definition: Smallest amount of analyte that can 

be detected under the conditions of the assay 

1. Lower limit of detection, ie., The least or minimum detection dose (LDD)   

2. Minimum distinguishable difference in concentration, Resolution (MDDC)  

     
The sensitivity of an analytical method is its 
ability to give response to small changes in 
the absolute amount of analyte present 

1 

2 

3 

High sensitivity 

Concentration (X) 

added quantity 

Response (Y) 
measured 
quantity 

Three analytical areas 

1 2 3 

Xb 

not 
detected 

Area of  
detection 

Area of  
quantification 

or CV<20% 

LOD LOQ 
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Sensitivity 

Analytical 

Classification 

Functional 
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10-20 replicates of 

zero standard and 

calculation the mean 

and SD 

LDD = Mean +2 SD 

Lowest concentration in 

the assay for which the 

coefficient of variation 

is less than 20% 
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Interference 
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Use of delta checks 

Lack of ‘fit’ with clinical details 

Implausible results 

Different results for the same 
analyte from different methods 

Non linearity on dilution 

Hook effect 

Heterophilic Antibodies 

Hook effect.exe
Hetrophil antibody effect.exe
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Lab ELISA Method Evaluation 
and ensuring quality 



w
w

w
.t

h
e
m

e
g

a
ll
e
r
y
.c

o
m

 
ELISA Method Evaluation 
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Description (2 Kits) Replication 

Non-specific binding (NSB) or no sample 2 

Set of controls normally used by laboratory 4 x 2 

Zero calibrator 10 

Remaining Calibrators 5 X 2 

Kit manufacturer’s controls 3 x 2 

Patient samples 12 x 2 

Sample dilutions (1/2, 1/5, 1/10) 3 x 2 

Diluent 1 x 2 

External QC scheme samples 5 X 2 

Set of controls normally used by laboratory 5 x 2 
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Method Evaluation 
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 Analysis of results from initial kit 

evaluation 
 The calibration curve should be fitted as 

recommended by the manufacturer 

 Within assay precision 

     %CV for the controls, samples and calibrators 

           (Value not OD) 

 Between-assay differences and stored calibration 

curve stability 

      % CV for control and sample 

    Compare the values generated by the stored 

calibration curve with those derived from a manual 

plot of all the calibrators 
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Method Evaluation 
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 Analysis of results from initial kit 

evaluation (continue) 
  Drift  

     Plot the values of controls obtained at the 

beginning, middle and end of the assay to detect 

assay drift  

 Sensitivity 

     10  replicates of zero calibrator, Analytical 

sensitivity is two SD above or below the zero 

calibrator mean 

 Accuracy 

    Compare the results for the external QC scheme samples 

with those obtained from other methods and all-laboratory 

trimmed means 

     Compare the patient samples with current method 
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Method Evaluation 
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 Analysis of results from initial kit 

evaluation (continue 2) 
 Dilution 

     Samples diluted by zero calibrator, Plot the dilution 

curve, straight line 

 Other information 

1. Check the appearance of the reagents,  

2. Check the ease of using of packaging 

3. Quality of the instructions 

4. Estimate the total assay time 

5. Telephone to customer service and ask 

one/two questions to check the quality and the 

speed of their responses 

    
       



w
w

w
.t

h
e
m

e
g

a
ll
e
r
y
.c

o
m

 
W

W
W

.P
IS

H
T

A
Z

T
E

B
.C

O
M

 

Implementing a QC Program 
to ensure quality  
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Analysis of Control Materials 

 



w
w

w
.t

h
e
m

e
g

a
ll
e
r
y
.c

o
m

 
W

W
W

.P
IS

H
T

A
Z

T
E

B
.C

O
M

 



w
w

w
.t

h
e
m

e
g

a
ll
e
r
y
.c

o
m

 
W

W
W

.P
IS

H
T

A
Z

T
E

B
.C

O
M

 
Levey-Jennings Chart 
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Time (e.g. day, date, run number) 

Record Time on X-Axis and the Control Values on Y-Axis 
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Westgard Flowchart.. 

Control data 

1 point 

 outside 2 SD 

1 point 

 outside 3 SD 

2 consecutive 

 values outside 

 the same 2 SD 

Difference between 

2 controls within 

 a run 

exceeds 4 SD 

4 consecutive control 

values on one side 

 of the mean and  

further than  

1 SD from the mean 

10 consecutive  

values 

 on one side of 

the mean 

In control – report data 

Out of control – reject analytical run 

Yes 

Yes 

No 

No 

No No 
No No 

Yes Yes 
Yes 

Yes 
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Company Logo 

W
W

W
.P

IS
H

T
A

Z
T

E
B

.C
O

M
 

Westgard Multi-Rule Procedure (examples for 13s, 22s, 

R4s. 22s, 41s across two levels, and 41s for one level )  
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Westgard Multi-Rule Procedure  

(examples for across two levels and for one level.)  
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Errors Detected 

Error Condition 

 1. No errors  

12s 

Random error 

13s, R4s  

Systematic error 

22s, 41s, 8x, 10x, 12x   
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