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IMMUNOASSAYS

Introduction
l. Definition of an immunoassay:

. An /mmunoassay is an analytical technique which uses naturally occurring
reagents known as antibodies for the selective determination of sample
components

. Immunoassays are commonly used in a wide variety of areas, especially in
biochemistry and clinical chemistry

.  Examples of the application of immunoassay include:

Drug testing

Hormone testing (insulin in diabetic patients)

Bacterial or viral testing (AIDS, hepatitis)
lll.  Advantages of immunoassays are:
. Inexpensive to perform
. Highly selective
. Low limits of detection
. Can have high-throughput. Often done in batch mode
. Applicable to the determination of a wide-range of compounds



IMMUNOASSAYS

Antibodies
|.  Definition of an antibody:

. An antibody (Ab), or immunoglobulin (Ig), is a member of a family of
glycoproteins that make up part of the body’s immune system.

Il.  Basic structure of an antibody:

— Antigen binding sites —‘
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The above antibody consists of four polypeptides-two identical heavy chains (H) and two identical
light chains (L) connected by disulfide bonds. These are arranged in a “Y”-shaped structure
ending with two identical sites that recognize and bind a given foreign agent or antigen



IMMUNOASSAYS

Introduction
IV. Antibody — Antigen Interactions:
. The body contains between 108 and 108 types of antibodies

. Each antibody has the ability to bind to a different foreign agent, or antigen
(A9)

. The ability of an antibody to recognize and bind a given antigen depends on
the structure of its binding site

- Determined by the amino acid sequence of the antibody near the N-terminal ends

of the heavy and light chains
Antigen —j .

binding
sites

Variable
regions

Constant
regions




IMMUNOASSAYS

/ntrogduction

V. Antibody Usage:

. The selectivity of Ab-Ag interaction makes antibodies useful as analytical
reagents for the determination of specific components in mixtures

. Antibodies are useful as analytical reagents since they can be produced to a
wide variety of substances:

- For large analytes (> 5,000 MW), antibodies can be produced by directly
injecting the compound into an animal

- For small analytes (< 5,000 MW), antibodies can also be produced, but require
that the compound first be coupled to a larger molecule, such as a protein, prior

to injections
IgG IgA
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Humoral immunity

* Antibody: antigen-binding
immunoglobulin (protein),
produced by B cells;
functions as the effector

in an immune response.

* M— ~ntigen
Antige n-Specific
Receptor
B cell's antigen-specific
receptor recognizes
antigen in its natural staks.
B Cell Macrophage
@ Class |l
Marker
[
Processed
Antigen T4 Receptor

Helper T cell's antigen-specific
receptor recognizes antigen that
hias besn processed and presented
along with a Class [ self marker.
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PAesE cybotoxic T cell antigen-specific
receptors recognize antigen thalt

has been processed and presented
along with a Class | marker of self,
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Antigen /Antibody Connection

Foreign molecules, or antigens, carry
distinctive markers, characteristic shapes
called epitopes that protrude from their surfaces.

O Antigen
Our Immune system has the ability to <§‘>> @ Eptope
recognize many millions of distinctive C:'} B Artbody
non-self molecules, and to respond by >

producing molecules, or antibodies @ >
- also cells - that can match and counteract :

each one of the non-self molecules.



Nature of Ag/Ab Reactions

* Lock and Key Concept

 Non-covalent Bonds

— Hydrogen bonds
— Electrostatic bonds

— Van der Waal forces
— Hydrophobic bonds

* Multiple Bonds

* Reversible

http://www.med.sc.edu:85/chime2/lyso-abfr.htm

&2 18]

Source: Li. Y.. Li. H.. Smith-Gill. S. J..
Mariuzza. R. A.. Biochemistry 39. 6296. 2000




Affinity

 Strength of the reaction between a single antigenic
determinant and a single Ab combining site

High Affinity Low Affinity

Ab

Affinity = = attractive and repulsive forces



Avidity
* The overall strength of binding between an Ag
with many determinants and multivalent Abs

Y| Y

K= 10* 10° 1010
Affinity Avidity Avidity




Cross Reactivity

* The ability of an individual Ab combining site to
react with more than one antigenic determinant.

* The ability of a population of Ab molecules to
react with more than one Ag

Cross reactions

Ab

[

AgB

Shared epitope Similar epitope
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Introduction
VI. Antibody Production - polyclonal antibodies

. One common method for making antibodies to a substance (antigen) is to
inject the analyte or analyte-protein conjugate into an animal several times
over a period of a few weeks to a few months
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/ntrogduction
VI.

Antibody Production — polyclonal antibodies:

If the agent is a foreign to the animal, the animal will develop antibodies to
the agent and release these antibodies into its blood.

After a few months, blood is removed from the animal and the antibodies
produced are collected for use

Several weeks later

Antibodies produced in this fashion are typically very heterogeneous

- Recognize a number of different sites on the analyte

- Binding with a range of affinities (K)

Heterogeneous antibodies are known as pol/yclonal antibodies

- Arise from several different lines of antibody-producing cells within the animal



Monoclonal antibody production
(hybridoma technology)

Inject mouse
with antigen

Antibody-producing hybridoma
cells
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Antigen
Introduction
VII. Antibody Production - monoclonal @
antibodies (mAb).

«  Monoclonal antibodies differ from Spleencells TSR AT Myeloma cells (HGPAT)
polyclonal antibodies in that they - —
are produced by a single cell line @;
within the body ‘ |

- A/l monoclonal antibodies from the 1) Gulture in HAT medium
same cell line recognize the same O Q) 2 Test each supernatant
site on an analyte and bind with an  crone esch positive cuiture s
identical binding affinity (K)) . | \

Test each supernatant
for antibodies

~ N

Monoclonal antibodies Monoclonal antibodies



Classification of Ag-Ab interactions

1.Primary serological tests: (Marker techniques) e.g.
Enzyme linked immuono sorbent assay (ELISA)
Immuno florescent antibody technique (IFAT)
Radio immuno assay (RIA)

2.Secondary serological tests: e.g.
Agglutination tests
Precipitation tests
Flocculation tests
Complement fixation tests (CFT)
Serum neutralization tests (SNT)
Toxin-antitoxin test

3.Tertiary serological test: e.g.

Determination of the protective value of an anti serum in an animal.



Basic steps of ELISA
Enzyme Linked Immunosorbent Assay

1. Antigen of interest is absorbed on to plastic surface (‘sorbent).

2. Antigen is recognised by specific antibody (‘/mmunao’).

3. This antibody is recognised by second antibody (‘/mmuno’) which has

enzyme attached (‘enzyme-/inked’).

4. Substrate reacts with enzyme to produce product, usually coloured.

Coloured product = measure of antigen present



What do you measure ?

* ELISAs can provide a useful measurement of antigen
or antibody concentration.

1. detect the presence of antigens that are recognized by
an antibody

2. test antibodies that recognize an antigen.



ELISA

Antibody Labeling Reagents
o Enzyme
B'"f""g . Substrate
Site N\, \ .
Taroet Analite Second Antlbody 0 Product

(Antigen) Target Analyte \

Solid Phase

Bind Wash Label Read



ELISA Procedures
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HRP-Linked Antibody

Detection Antibody

S

Target Protein

Capture Antibody
N, S, =

Sandwich Elisa



sandwich ELISA

There are many different types of ELISAs. One of the most common types of ELISA

is “sandwich ELISA ”

The sandwich ELISA measures the amount of antigen between two layers of

antibodies.

The antigens to be measured must contain at least two antigenic sites, capable of

binding to antibody, since at least two antibodies act in the sandwich..



IMMUNOASSAYS

Sanadwich immunoassays
l.  Quantitative method based on use of two antibodies to detect analyte
. First antibody extracts analyte from sample
. Second antibody (containing chemical label) identifies presence of analyte

N

Unlabeled o

et et

—>

Signal
@

Solid
support

antigen “sandwiched”
between two antibodies

. This type of assay measures the amount of analyte in the sample by looking
at the amount of labeled antibody that binds to analyte on the solid support
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Sandwich immunoassays
l.  Quantitative method based on use of two antibodies to detect analyte
. A typical calibration curve for the assay

-

10 100

Response

Concentration of Analyte



The sensitivity of the Sandwich ELISA is
dependent on four factors:

The number of molecules of the first antibody
that are bound to the solid phase.

The avidity of the first antibody for the antigen.

The avidity of the second antibody for the
antigen.

The specific activity of the second antibody.



Signal Amplification Using Chromogenic Detection

Avidin-Biotin Complex (ABC)

b o pAB S
L © 0
/)L\ Biotin labeled sAB \ j

x“" Streptavidin labeled enzyme
. ® Antigen
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@ Product '
L
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Competitive assay

* Plate is coated with specific antibody

* Test antigen is placed together with labeled
antigen

* Both antigens compete to bind to the
Antibody



Plates are precoated wiith the
antibody. The piate is ready for
use. DO NOT WASH.

A sample or control is added
to each well. Next the drug-
enzyme conjugate is added and
the mopcure is mcubated at room

temperature.

Wash the plate to remove all
unbound Mmatenals.

The bound matenals now remam
in the microplate.

Add TMB substrate to each well
and allow the color 1o develop.

Quaalitative results are obtained
by measuring the absorbance
reading at 650 nm or 450 nm if
acid stop is used.

Maore
Analyte

Well

Amtbodies

- Conpugate

— Sampia
arug

- Wash

Unbound
matarial
and drug
conpgate

_ Bound
matarial
and drug
conpigate

. Subsarates

Less
Analyte
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Competlitive binding Immunoassays

I.  Quantitative method based on competition between analyte in sample and a
fixed amount of labeled analyte for a limited number of antibody binding sites
(equilibrium methoa)

. Indirectly measures the amount of analyte in the sample by looking at amount
of labeled analyte it displaces from the antibody

Unlabeled o—> Signal

antigen .

® N @ o o o
| ‘ | ‘ | ‘ Unlabeled antigen | ‘ | | \ ‘

displaces labeled antigen
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Competlitive binding Immunoassays

I.  Quantitative method based on competition between analyte in sample and a
fixed amount of labeled analyte for a limited number of antibody binding sites
(equilibrium methoa)

. A typical calibration curve for the assay
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* There are commercial kits for assays in
different types of Ag or Ab by ELISA.

The materials for your kit
1. ELISA plate
2. Positive control
3. Negative control
FlockChek test kit
4.  Dilution Buffer (already in dilution tubes)

5. Conjugate (secondary antibody)

6. TMB Substrate

7. Stop solution



Sandwich ELISA to detect antigen concentration.

Use the polyvinylchloride (PVC) micro-
titer plate.

Bind the unlabeled antibody to the
bottom of each well by 50 mL of antibody
solution to each well (20 mg/mL in PBS). S

Coat plate

PVC will bind approximately 100 ng/well  with antigen
(300 ng/cm?2).

Incubate the plate overnight at 4° C to

allow complete binding A A



* Wash the wells twice with PBS. A 500 mL
squirt bottle is convenient. The antibody
solution washes can be removed by
flicking the plate over a suitable
container.

* The remaining sites for protein binding
on the microtiter plate must be saturated
by incubating with blocking buffer.

* Blocking buffer - 3% BSA/PBS with 0.02%
sodium azide.

Step 2:
Block non-
Specific
Binding sites

s



* [ncubate for 2hrs to overnight in a humid
atmosphere at room temperature.

(Note: Sodium azide is an inhibitor of
horseradish peroxidase. Do not include
sodium azide in buffers or wash solutions, if
an HRP-labeled antibody will be used for

detection).
e Wash wells twice with PBS.



Standard Preparation

00 L 300 1l FO00 L 300 L 300 L IO L

/—\mmﬁmmm

]
'\_xx_,fm__,f\_./‘

Stock Standard 2000 pg/smL 1000 pg/mL 500 pg/mL 250 pg/mL 125 pg/mL 625 pg/mL 21.2 pg/mlL




 Add Samples and Standards

e if dilutions are necessary, it should
. . Step 3
be done in blocking buffer. Add sample

° |Incubate for at least 2 hrs at room
temperature. Wash the plate four
times with PBS.

9.






Add the labeled second antibody.

Incubate for 2 hrs or more at roomnr

temperature.
Wash with several changes of PBS.

Add substrate as indicated by
manufacturer.

Stepr < :
Sodd
conjueated
Secondary

So:

;.E'.I"Ep 5:
SAoddd
Substrate

-
VU.







Read Plate At Appropriate Wavelength (A=450
nm)




Microplate Reader

1. wavelength range to
that used in ELISA,
generally between o~

2.400 to 750 nm
(nanometres) L

3. Some readers
(ultraviolet range
between 340 to 700
nm.



Microplate Reader

INSTALLATION REQUIREMENTS

1. A clean, dust free
environment.

2. A stable work table away s,
from equipment that vibrates "SR
(centrifuges, agitators). ﬁ

3. An electrical supply source, . Z.]
which complies with the -/

country’s norms and standards.



) 160 200 300 460 500
murine IL-2 (pg/mL)

Standard curve murine IL-2 ELISA kit ab46097



1 '

' i 1
0 100 200 300 400 500
murine IL-2 (pg/mL)

*At the point of intersection, extend a vertical line to the Y axis and read the
corresponding concentration



v
0 100 200 *c')o 400 500
murine IL-2 (pg/mL)

* This is the concentration for that sample, approximately 275 pg/ml



Linear paper




Semi log paper
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Log-log paper




Qualitative tests




Calculation of Results

— Average the 2 negative control wells

— Average the 2 positive control wells

— Average 2 wells for each sample



ELISA Results

The status of a sample are evaluated by the sample -
to positive ratio (S/P ratio):

Sample mean - negative control mean

positive control mean - negative control mean

(mean of optical absorbance)

S/P ratios of greater than 0.5 are considered positive



Interpretation of Results in Qualitative tests

Negative control = 0.150 or less

The difference between the positive and negative control means

must be greater than 0.075

Example: if negative control mean = 0.100, the positive control

mean must be 0.176 or greater



Expected results:
Blank: OD<0.1
Negative control: mean OD < 0.15

Positive Control: OD>0.8

Cut-off Value = Mean negative control + 0.05
Test result calculation: sample/cut-off value
Negative result: sample/cut-off value < 1

Positive result: sample/cut-off value = 1



Troubleshooting: What is the source of the
problem?

 Sample?

* Equipment?

* Micro plate?
 Water, Buffer?
* Washing?

* Substrate?
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Pipettes and Best pipetting practice

Manual
single channel

TP

Manual
multi channe

I
- [ ]
|

i

Electronic
multi
channel

el

Electronic
single channel



Pipetting tips

* Forward Pipetting
technique

Ready position

First stop i i ;
y |

Second stop




Pipetting tips

* Reverse Pipetting technique
* Highly viscous fluid
* Avoid foaming

Ready position 1 i |

2 3 5
First stop [ 1 *
Second stop * '




GUIDE TO PIPETTING PIPETTING

DO NOT DRIP -

DO NOT PRESS HARD INTO -
WELL

DO NOT USE TOO ACUTE -
AN ANGLE

MAKE SURE TIP TOUCHES -
SIDE OF WELL AND
LIQUID
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Process Control:

Quality Control
for Quantitative Tests




Quantitative Tests

* Measure the quantity of a particular substance in a
specimen

» Quality control for quantitative tests is designed to
assure that patient results are:
* accurate
* reliable

Quantitative QC-Module 7 68



Implementation steps
e establish policies and procedures
e assign responsibility, train staff
* select high quality controls.
 establish control ranges

 develop graphs to plot control values - Levey-
Jennings charts

e  monitor control value
 develop procedures for corrective action
e record all actions taken

Quantitative QC-Module 7 69



What is a Control?

* material that contains the substance being analyzed
* include with patient samples when performing a test

* used to validate reliability of the test system
* run after calibrating the instrument
 run periodically during testing

Quantitative QC-Module 7 70



Calibrators vs. Controls




Controls

A substance similar to
patients’ samples that
has an e i

concent

set (calibrate) the
ing points on a sce

Controls
the proc

properly

Quantitative QC-Module 7 72



Control
materials

Appropriate
diagnostic
samble

me!lca‘ !eusmn points

Quantitative QC-Module 7

73



Types of Control Materials

* may be frozen, freeze-dried, or
chemically preserved

* requires very accurate
reconstitution if this step is
necessary

Quantitative QC-Module 7

74



Sources of Controls Materials

* commercially prepared
* made “in house”

* obtained from another laboratory, usually central or
reference laboratory

Quantitative QC-Module 7

75



Preparation and Storage of

Control Material

* adhere to manufacturer’s

instructions

* keep adequate amount
of same lot number

e store correctly

Quantitative QC-Module 7

76



Measurement of Variability

Variability is a normal occurrence when a control is
tested repeatedly

Affected by:

e operator technique

* environmental conditions

e performance characteristics of the measurement

The goal is to differentiate between variability due to
chance from that due to error

Quantitative QC-Module 7

77



Quality Control is used to monitor

the accuracy and the precision of the
assay.

What are
accuracy and
precision?




Definitions

Accuracy

The closeness of
measurements to the true
value

Precision

The amount of variation in
the measurements

Bias

-

| The difference between the
expectation of a test result
and an accepted reference

value

Quantitative QC-Module 7

79



Accuracy and Precision

Accurate Precise but Biased

and Precise Imprecise

Accurate = Precise but not Biased

Quantitative QC-Module 7

80



Measures of Central Tendency

Mode the value which occurs with the
greatest frequency

Median |the value at the center or
midpoint of the observations

Quantitative QC-Module 7

81
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Not all central values are the same

Mean Mode

12 :
Median

1 2 3 4 5 6 7 8 9 10 1 12 13

Measurement

Quantitative QC-Module 7

82



Symbols Used in Calculations
> is the sum of (add data points)

n = number of data points

X, X, = all of the measurements (1 through n)

X represents the mean



Calculation of Mean

X+ X, + X, X,
n

X =

X =Mean

X, = First measurement

X, = Second measurement

X, = Last measurement in series

n = Total number of measurements

Quantitative QC-Module 7

84



Statistics for Quantitative QC

assay control material at least 20 data
points over a 20-30 day period

ensure procedural variation is
represented

calculate the mean and standard
deviation

calculate mean plus/minus 1, 2 and 3
SDs



Data showing outlier

© 0NV A WN R

192 mmol/L
194 mmol/L
196 mmol/L
196 mmol/L
185 mmol/L
196 mmol/L
200 mmol/L
200 mmol/L
202 mmol/L

10 270 mmol/L

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Quantitative QC-Module 7

204 mmol/L
208 mmol/L
212 mmol/L
198 mmol/L
204 mmol/L
208 mmol/L
212 mmol/L
198 mmol/L
192mmol/L
196 mmol/L

86



Example

Calculation of Mean: eLisa Tests

* Run controls 20 times in 30 days. Record both OD and
cut off (CO) values for each measurement.

* Divide the OD by the CO (OD/CO) for each data point or
observation. This standardizes the data.

* Add the ratios and divide by the number of
measurements to get the mean.

Quantitative QC - Module 8



Normal distribution

e all values symmetrically distributed around the
mean

* characteristic “bell-shaped” curve
» assumed for all quality control statistics

Frequency

mean



Standard Deviation and Probability

For a set of data with a normal
distribution, a random
measurement will fall within:

+/- 1 SD 68.3% of the time

+/- 2 SD 95.5% of the time

Frequency

+/- 3 SD 99.7% of the time

Quantitative QC-Module 7

89



Standard Deviation (SD)

SD is the principle measure of
variability used in the laboratory

Sp — \/z (X —X)?

Standard Deviation — Statistical Formula

Quantitative QC-Module 7

90



Coefficient of Variation

The coefficient of variation (CV) is the SD expressed as a
percentage of the mean.

CV = =D X100 %

mean

e CVis used to monitor precision
* CVis used to compare methods
* CVideally should be less than 5%

Quantitative QC-Module 7

91



Levey-Jennings Chart

Graphically Representing Control
Ranges



Steps in Implementing Quantitative Quality Control

obtain control material ﬁ

run each control 20 SUNNY TIUE IOUE TR

times over 30 days

3SD
calculate mean and +/-1,2,3 % 28D

Standard Deviations
1SD

: 0
Tl
Wﬁ 1SD

25D
3SD

Quantitative QC-Module 7 93



Draw lines for Mean and SDs

(calculated from 20 controls)

Chart name: Lot number:
1P6.5 +35D
1p4.5 +25D
192.5 +1SD
188. 13D
5
1BE65 -2SD

Days

Quantitative QC-Module 7



Levey-Jennings Chart

196.5

194.5
192.5

190.5
188.5

186.5
184.6

Plot daily control measurements

S S = S S s s s s
S S S s s s e

T2 3 4 5 6 7 8 9 10 11 12 13 14

Days

Quantitative QC-Module 7

15 16

17

18

19

+3SD

+2SD

+1SD
MEAN

-1SD

-2SD

-3SD

95



Number of Controls

Interpretation depends on number of controls run with
patients’ samples.

e Good: If one control:

 accept results if control is within £ 25D
unless shift or trend

* Better: If 2 levels of controls
* apply Westgard multirule system



Levey-Jennings Chart

Shift

106.5 d +3SD
1p4.5 T v e T A 1 +2SD
192.5 — — +1SD
+96-5 MEAN
188. - - - -15D
i;as A -2SD
1B4.6 -3SD

Days

Quantitative QC-Module 7



Levey-Jennings Chart

Trend

106.5 +35D

1945 I— +25D

192.5 = +1SD

96-5 MEAN
188. - ‘T‘ -1SD

5

865 A -2SD

184.6 -3SD

Days

Quantitative QC-Module 7



Westgard — 1, Rule

e “warning rule”

* One of two control results falls outside +2SD
 Alerts tech to possible problems

* Not cause for rejecting a run

* Must then evaluate the 1;.rule



1,< Rule = A warning to trigger careful inspection of
the control data

+3SD

Day



Westgard — 15 Rule

* |f either of the two control results falls outside of £3SD, rule is
violated

* Run must be rejected
* If 1,5 not violated, check 2,



155 Rule = Reject the run when a single control
measurement exceeds the +3SD or -3SD control limit

Day



Westgard — 2, Rule

* 2 consecutive control values for the same level fall outside of £2SD in
the same direction, or

* Both controls in the same run exceed +25D
 Patient results cannot be reported
* Requires corrective action



225 Rule = Reject the run when 2 consecutive control

measurements exceed the same
+2SD or -2SD control limit

+3SD

Day



Westgard — R, Rule

* One control exceeds the mean by —2SD, and the other control
exceeds the mean by +2SD

* The range between the two results will therefore exceed 4 SD
 Random error has occurred, test run must be rejected



R4s Rule = Reject the run when 1 control
measurement exceed the +2SD and the other exceeds

the -2SD control limit

Day



Westgard — 4, Rule

* Requires control data from previous runs

* Four consecutive QC results for one level of control are outside +1SD,
or

e Both levels of control have consecutive results that are outside +1SD



4, .Rule

+3s
+2s
+1s

Mean
-1s

-2S
-3s

3 4, rule
L / : \ et /\ violation
e N

123 4 56 7 8 9 10

4., - reject when 4 consecutive control
measurements exceed the same mean plus 1s
or the same mean minus 1s control limit.




Westgard — 10, Rule

* Requires control data from previous runs

* Ten consecutive QC results for one level of control are on one side of
the mean, or

* Both levels of control have five consecutive results that are on the
same side of the mean



10, Rule = Reject the run when 10 consecutive control
measurements fall on one side of the mean

+3SD

+2S

Day



265
260

255

250
245

240
235

212

208
204

200
196

192
188

2,, violation
J( “"7lacross materials| "
I in run 3
hrg
Run 3

-------------------------------------

123456789 1

Run Number

Run 3 Both control results
exceed their respective +2s
limits, therefore there is a
2, rule violation across
materials. A systematic
error is most likely
occurring and is affecting
the results throughout the
critical analytical range
from at least 200 to 250
mg/dL.



ggg 4, violation |, Run 12 The control charts
250 across materials for the high and low

245 HYideochss i el = materials show that the last
: four control observations
have exeeded their
Run 12 respective +1s limits,
i therefore a 4, rule violation

inrun 12

212 appears to have occured
g F, = Am ~...] across materials and
2%%4 across runs.

196 r ........................... asgand

192

188

11121314 15 1617 18 19 20
Run Number



265

260 |h f
255 /1N '] [ Ry, violation |

2%25 ! V - ACross

Run 14 The control results
for the high material
exceeds its +2s limit and

240 materials the control result for the
235 inrun 14 low material exceeds its -
\_ | 2 [im
T s limit, therefore an R,
Run 14 0 s
rule violation has occurred.
212 This most likely indicates a

208 '

204 I/—\ random error.
200 *

196 |. {oasharidsstaenfsasipanhendanspandasd

192 -

188

1112 13 14 15 1617 18 19 20

Run Number




265

260
255

250
245

240 |

235

212

208

204
200
196

192
188

¥ 10, violation

I ACI'OSS runs

and across —ZRun 20

materials

1112 13 14 15 1617 18 19 20

Run Number

Run 20 The last five
control results on the high
material and the last five
results on the low material
all are lower than their
respective means, giving a
total of ten consecutive
control results on one side
of the mean. There is a 10,
rule violation across runs
and across materials,
which indicates that a
systematic error most likely
has occurred.
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If QC is out of control

*stop testing
e identify and correct problem

*repeat testing on patient
samples and controls after correction

* Do not report patient results until
problem is solved and controls indicate

proper performance

Quantitative QC-Module 7

117



Solving out-of-control problems

* identify problem

e refer to established
policies and procedures
for remedial action

Quantitative QC-Module 7

118




Possible Problems

» degradation of reagents or kits

* control material degradation

e operator error

e failure to follow manufacturer’s instructions
e an outdated procedure manual

e equipment failure

e calibration error
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