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Principles

Despite the rapidly evolving use of molecular methods, ELISAs still form the
backbone of medical diagnostics, industrial practice, and scientific research. They

are easy to perform, safe, highly efficient, and cost-effective, and they offer high

specificity and sensitivity for a variety of analytes.



Principles

Biochemical markers (biomarkers) play a central role in the decision-making in
clinical medicine. Examples include making a clinical diagnosis, initiating and

monitoring treatment, and predicting prognosis or disease recurrence after

treatment.




Principles

» Validation experiments are designed to demonstrate that the method has the

sensitivity, specificity, accuracy, and precision necessary to reproducibly detect

and/or quantify the target analyte in a specific matrix or matrices.

» Guidelines for the validation: Codex, 2004: FDA, 2001; Horwitz, 1988, 1995:
ICH, 2005.

» The scope of the validation study and acceptance criteria applied can vary
depending on the intended use of the ELISA method.



/ Tips for Successful ELISA Assay
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/ Tips for Successful ELISA Assay

1. SELECT THE FORMAT THAT BEST SUITS YOUR OBJECTIVES

2. PREPARE THE SAMPLES CORRECTLY

3. SELECT THE APPROPRIATE ANTIBODIES

4. CHOOSE THE RIGHT ELISA FOR YOUR EXPERIMENT
5. AVOID CROSS-CONTAMINATION

6. BUILD A RELIABLE STANDARD CURVE

7. OPTIMIZE THE RESULTS



Three steps In ELISA development

Optimization: ELISA optimization involves systematically adjusting and testing
the many components and variables to help ensure results are robust and accurate.

Standardization Is: “to compare with a standard: to determine the strength, value,
or quality of (something) by comparison with a standard.”

Validation Is the process of establishing documented evidence that provides a
high degree of assurance that a product, service, or system accomplishes its
Intended requirements.



ELISA optimization

1. Antigen coating

2. Saturation-blocking

3. Sample preparation

4. The choice of the detecting antibody

5. The enzyme conjugate selection

6. Signal detection methods



ELISA standardization

Consistency In the assessment of ELISA results in different areas of application (diagnostics,

production control, scientific research, Immunogenicity assessment, etc.) requires

standardized and acknowledged methodological protocols.




Validation & Verification

+ Validation: i1s the process of establishing documented evidence that provides
a high degree of assurance that a product, service, or system accomplishes Iits
Intended requirements.

+ Verification: 1s a process that Is used to evaluate whether or not a product,

test, or system complies with a regulation or conditions imposed at the start of a
development phase.



Validation & Verification

Verification
IS defined as the one-time process completed to determine or confirm test performance
characteristics before the test system is used for patient testing.

Validation

IS the continuous process of proving that a procedure, process, system, equipment, or method
works as expected and achieves the intended results.

» Components of validation are quality control, proficiency testing, employee competence,
and instrument calibration.



ELISA validation

Validated analytical methods such as ELISA for quantification of biomarkers, drugs,
biological products, and their metabolites in a given biological matrix (e.g. blood, plasma,
serum, or urine) are critical for the successful conduct of nonclinical and clinical studies.
Validating the analytical method ensures that the data are reliable. Validated methods provide

critical data to support the safety and effectiveness of drugs and biological products.



Validation of ELISA equipment

> Installation Qualification (1Q) - Installation qualification is used to ensure that the installation of any necessary
equipment, piping, services, or instrumentation has been executed following the manufacturer's requirements.

» Operational Qualification (OQ) - During operational qualification, the equipment should be tested to
determine process control limits, potential failure modes, action levels, and worst-case scenarios.

» Performance Qualification (PQ) - In the performance qualification phase, the goal is to demonstrate that the
process will consistently produce acceptable results under normal operating conditions.

Installation Qualification Operational Qualification Performance Qualification

w w +
Is everything Does this process
operating correctly? roduce the right result?
Is everything P Y y P Y
installed correctly? . .
What are the operating Is this process safe

limits of this device? and consistent?



Validation of ELISA equipment cont.

Equipment like ELISA washers, microplate readers, and micropipettes have a critical role in ELISA test
performance with a direct influence on accuracy and precision and eventually reliability of results. Equipment
performance should be monitored on schedule intervals, after repair, and also in follow-up of unacceptable
results. ELISA microplate reader for example should be checked monthly for linearity and its accuracy evaluated
on 3 months schedule period.

ELISA microplate reader accuracy: The test used to determine the difference between TRUE OD values and
with OD value obtained by the microplate reader. The test principle is based on color reagents with known OD
values (adjusted by calibrated readers).

ELISA microplate linearity: The test goal is to determine the relationship between concentration and OD value
by using color reagents with a linear relationship between concentration and OD value at 450 nm.

ELISA microplate and Micropipette precision: The goal of this test is to determine any sensor malfunctioning or
problem in the light pathway of the reader by using a color reagent with a certain OD value at 450 nm.

Washing process assessment: The test is based on nonspecific binding. If washing takes place inadequately the
OD value will increase more than the acceptable limit. If washing is performed appropriately, unacceptable OD
may be due to the ELISA washing machine malfunctioning.



ELISA microplate reader accuracy check

1 Remove three strips and add 100 ul of Al reagent into all wells of the first strip, followed by 100 pul of
A2 reagent and 100 ul of A3 reagent into all wells of strips 2 and 3 respectively.

1 Read the OD of each strip at 450/630 nm and compare the results with the value printed on each vial.
Significant changes need further study.

1 To evaluate ELISA microplate reader accuracy, we test each color reagent separately on three calibrated
ELISA microplate reader machines. Table 1 shows the mean OD value for each machine.

Micropipette and ELISA Al A2 A3
microplate reader precision:

Calculate the mean and Standard A{‘EEptﬂhle limit (OD) 0.20 - 0.29 09 - 1.1 24 - 28
deviation of ODs for all above Bio Tek (ELx800) 04 . .
color reagents (Al-A3) and

determine the Coefficient of ASYS HITECH 0.25 1.0 2.66
Variation (CV). Acceptable CV is

lower or equal to 3% (< 3%). TECAN (Sunrise) 0.24 0.97 2.55




Linearity of ELISA microplate reader

>T_ake tv | o | Mean 'l-."_}D. ‘I.-'a.h;f; Df- - ]"l.-‘iean- OD value of | -I"r'if:ﬂl‘l E.J'D ;-eﬂuﬂ Df‘" of the first
stripand  pitution TECAN (Sunrise) ASYS HITECH Bio Tek
> Add 1( 1 2.58 2.438 2.498 fter mixing
transfer 1:2 1.29 1.222 1.272 at until the
end of w 1:4 0.665 0.610 0.638 eagent and
also take 1:8 0.339 0.306 0.329

1:16 0.182 0.154 0.164
»Read C 'an of each
duplicate wvl.f%%m.u.. vvvvvv 0.09 0.077 0.085

»The microplate reader should be linear at each manufacturer’s claimed dilution level.

» The first two wells” OD is used as a reference for the calculation of the expected OD of the remaining
wells. The recovery limit ranged between 90 to 110%.

»To study the linearity of the ELISA microplate reader the test procedure was run on three different
ELISA readers and results are shown in Table 2.



Linearity of ELISA microplate reader

Estimation of Recovery:

a. Assume the mean OD value of the first two wve
b. Dividing this OD value by 2, 4, 8, 16, and 32

c. Divide the mean OD value of each dilution le\
Recovery formula

ObtainedOD
Recovery percentage = x 100
ExpectedOD

For example, the mean OD value of the B
which Is considered as 100% reference valtl
= 1.249 but In the table, the read value i1s 1.z

L.272 -, 100=101%

Recovery percentage:

i/
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Washing machine monitoring

“* Remove one strip and add 100 nl conjugate solution into all wells of one strip.

*» Incubate wells for 5 minutes at room temperature then wash the wells 4 times with working wash
solution.

s Add 100 ul of chromogen substrate and incubate for 5 minutes at room temperature in dark.
¢ Stop the reaction by adding 100 pl of stop solution into each well.
*» The OD value should be less than 0.1 in each well. Higher values indicate improper washing.

*» To find possible causes, check the washing solution preparation, washing aspiration, and
discharge status.

“* It iIs recommended to run one strip separately in each working run as a Kit internal control to
ensure kit performance.



Validation Parameters

6. Dilutional linearity

7. Parallelism

8. Recovery

9. Specificity/Selectivity

10. Sample stability




Full vs. Partial VValidation

o If a method is developed in-house, a full validation should be performed, meaning that all
parameters should be investigated.

o As a consensus agreement, it is decided that a partial validation of a commercial assay
should include all parameters except for robustness, which should have been covered by the
manufacturer during method development.



several validation studies that vary in scope are provided below:

> Combined Development and Validation Studies: Similar experiments are used in the assay development
process and assay validation testing.

> Single Laboratory Validation of Defined Method: In many cases, a laboratory will obtain an assay
developed by a third party for use in sample analysis. The method is fully defined and generally
has previously been validated by the development laboratory before release. In this case, the
validation study conducted by the laboratory receiving the assay might be limited to verification
of the performance parameters described in the finalized method.

> Independent Laboratory Validation (ILV): The validation analysis is conducted by an independent
third party according to Good Laboratory Practice (GLP) Standards (40 CFR 160).

> Performance Verification Testing of Rapid Tests: Qualitative immunoassay kits (lateral flow devices
(LFDs) or microtiter ELISA kits) can be submitted for performance verification testing.

> Interlaboratory Validations: A collaborative interlaboratory validation for an analytical method
Includes testing done by multiple independent labs (at least eight).



QUANTITATIVE ELISA VALIDATION

“» Sensitivity

“» Specificity/Selectivity/Cross-reactivity/Interference
*» Accuracy

¢ Precision

“* Robustness

» Stability



QUALITATIVE IMMUNOASSAY VALIDATIONS

v" Specificity

v Sensitivity

v Storage Stability Testing

v" Testing for High-Dose Hook Effect

v" Performance Testing



PERFORMANCE VERIFICATION OF RAPID TEST KIT

» Performance Testing
» Cross-reactivity from Other Biotechnology Crops
» Temperature Sensitivity Testing

» In-House Verification Testing




ELISA Commercial kit VALIDATION

% Sandwich
&% Affinity-purified polyclonal goat antibody is immobilized on a 96-well microtiter plate

% The detection antibody is an affinity-purified polyclonal goat antibody conjugated to

horseradish peroxidase

% The assay includes seven standards (0 (STD1), 1 (STD2), 2 (STD3), 4 (STD4), 8 (STD5), 16
(STDG6), and 32 (STD7) nmol/L) and one control, which contains recombinant mouse protein

diluted in a protein-based buffer system.



Robustness

» The ability to remain unaffected by small variations in method parameters

» Parameters: Incubation temperature, temperature of used components, or varied incubation time due to time delay
during pipetting

» Samples and standards were incubated either at 23°c (as recommended in the package insert) or at 30°C (mimicking
a hot summer day).

» Increased incubation temperature from 23°C to 30°C has no impact (CV < 10%) on the OD of samples and
standards.

A Assay incubation temperature variation
0.8+ BB |ncubation 23°C t.laﬁ::f;ﬁ?e 23°C 30°C

Incubation 30°C Sample 1D oD oD cV
o STD1 0.047 0.057 10%
g STD2 0.063 0.079 1%
8 0.4+ STD3 0.105 0.114 4%
3 STD4 0.244 0.241 1%
0.2- STD5 0.56 0.58 2%
l I I I Sample1 0.161 0.167 2%
Sample2 0.182 0.172 3%
0olm2 A I. Samzleﬁ 0.207 0.199 2%
4.,“3:‘ 4.,& ASF aﬁh “0‘3 AT é’ Sampled 0.169 0.176 2%

) =) =) =) "-':J @Q @Q @Q @Q ,-g- i i
& o o o o Sample5 0.216 0.234 4%




Robusthess cont.

» All ELISA kit components need to be warmed up to room temperature before use.

» The influence of different reagent temperature combinations on the OD of the standards: There is no

significant influence on OD for the usage neither of cold assay buffer nor cold detection antibody
solution or combinations thereof.

» A third parameter of robustness, especially for assays with short incubation times, is the drift over the
plate induced by the time used for pipetting many samples.

» A robust ELISA is characterized by generating the same OD for samples pipetted first and last. Fig.
shows that there is no change in OD (CV <10%) for samples pipetted with a delay of 20 minutes.
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Precision

@® The precisiol

Intra- and inter-assay precision of mouse/rat ELISA.

between a seri

the same cond Samples |Mean measured conc. [nmol/L] | CV [%]

® Intra-assay p Intra-assay STD2 0.98 9

results within | Precision (0 =5, STD7 31.98 2

@ within one rt Serum 1 3.2 3

~amA AnArating Serum 2 3.3 3

& ;-\?eeraro(\a,v CS(’S& Plasma 1 5.1 2
0.1 nr?loI/L Inter-assay STD2 1.01 10
the highest P =% | sTD7 31.99 2
31.98 + 0.5 Serum 1 3.1 5
= 3), respec Serum 2 3.1 6
l()sogl |08N1 3¢ Plasma 1 5.1 5

2T 0.1a

= 5 each) @ STD2 and STD7, standard 2 and standard 7 (recombinant); conc., concentration

plasma san

nmol/LL (C\ https:/doi.org/10.1371/journal.

pone.0220935.t003

" scatter)
sample under

ndividual test

Ision under the

Mean
nmol/L] CV [%]
32 3%
33 3%
5.1 2%
1.0 9%
32.0 2%




Precision cont.

@ Inter_assa re(\ioinn- lannAa tArm nranicinn: Danrvadiinithilithvie 1 Aavinl AfF AaArnnAaardan~an AfF thAa individual test
yP Intra- and inter-assay precision of mouse/rat ELISA.

results from one

Therefore, all

pO_SSi_b|e factors ¢ Samples |Mean measured conc. [nmol/L] | CV [%] several days.
Within the IR Intra-assay STD?2 0.98 9 + 0.1 nmol/L
(CV 10%, n = ision (n=5 JeEnous serum
samples, the C\y Prec>onti=>.1 STD7 31.98 2 sproducibility
(inter-assay prec Serum 1 3.2 3 lifferent runs,
with different eg Serum 2 3.3 3 ation (CV) in
% was calculatec
Inter-assay Plasma 1 5.1 2
testing date Inter-assay STD2 1.01 10
operator prCiSiDﬂ (I‘l = 5] STD? 31'99 2
— - Serum 1 3.1 5
Serum 2 3.1 6 Mean
sample Iy 1 2 Plasma l 5"] 5 [mmolL] | CV [%]
serum 3.4 3. 3.1 5%
serum 3.4 3. 3.1 6%
I <o | s STD2 and STD7, standard 2 and standard 7 (recombinant ); conc., concentration < <o,
STD2 0.9 1. o ) 1.0 10%
oy [ o20 [ = itps/doi.org/10.1371/journal.pone.0220935.1003 T




AcCcuracy

- ACCUfaGyf Trueness: 1. Comparisons of results with those obtained

is a degree of conformity of . PV @reference method
a measured or calculated
quantity to its true value. -

2. Analyses of standard materials



AcCcuracy

» The accuracy of an analytical method describes the closeness of the determined values
obtained by the method to the true concentration of the (recombinant) analyte (expressed in
percentage).

» To assess the accuracy, serum samples were spiked with 8 nmol/ L and with 25 nmol/L
recombinant protein. Mean recovery was 97% (95-112%) for the spike in the middle and 95%
(85— 111%) in the higher calibration range.

Accuracy of serum and plasma samples Accuracy (spike recovery) of mouse/rat ELISA.
reference spike +Snmoll spike +23nmoll Matrix n 8 nmol/L rec. 25 nmol/L rec.
sample ID | ¢ [nmol/L] ¢ [nmol/L] SR [%e] ¢ [mmol/L] dil R [%] recovery |%] recovery [%]
TS Y ] 7 Y 7 (o B ey e
S2 3.0 10.4 95% 253 93% i o R Rl il A
= 93 33 12.0 112% 27.4 100% https://doi.org/10.1371/journal.pone.0220935.t1006
E S4 28 28 20% 24.4 59% :
“ S5 35 10.7 94% 26.0 94% Measured concentrationgjked sumple
36 25 9.2 86% 231 5% |, Recovery = —Measuered concentration,ey symple 100
S7 9.1 16.7 103% 29.7 92% Theoretical concentrationgyg
Mean 97% Mean 95%




Accuracy and precision defined

NOT ACCURATE ACCURATE NOT ACCURATE ACCURATE
NOT PRECISE NOT PRECISE PRECISE PRECISE




Sensitivity

Parameter Description Acceptance Criteria Formula
The lowest signal that
Sensitivity can be distinguished from none =Mpp +25D
the background

The proportion of true positives of all positives.

Number of true positives
=Percent
Number of true positives + Number of false negatives




Limit of Blank (LoB|

v'LoB is the highest apparent analyte concentration expected to be found when replicates of a
blank sample containing no analyte are tested.

LoB = mean blank + 1.645(SD blank)

v'Using at least two reagent lots (including two calibrator lots) and performing measurements
on at least three days.

v" Five blank samples (known negatives: clinical samples) should be tested in duplicate for each
lot and day.

v"The LoB of the assay is the maximum value of the individually determined LoBs for each lot.



Analytical sensitivity: Detection limit (LoD)

The lowest concentration or quantity of a target that can be detected with reasonable certainty
(95% probability is commonly used).

+ The LOD of a test can be determined by testing serial dilutions of a specimen containing a
known concentration of the analyte.




Limit of detection

The limit of detection (LOD), defined as the calculated concentration of the lowest standard
point (STD1) analyzed in 10-fold determinations plus two times the standard deviation, is 0.27
nmol/l for this protein ELISA.

Limit of detection (LOD)

theor. c Mean c
STD [[nmol/L]] c1 c2 c3 c4 cS c6 c/ c8 c9 c10 |[[nmol/l]| SD LOD

STD1| 0.0 0.07 0.18 0.13 0.05 0.27 0.20 0.16 0.04 0.10 0.11 0.13 0.07 0.27

Limit of detection.

Samples Mean theoretical conc. [nmol/L) Mean measured conc. [nmol/L] SD LOD
LOD STDI1 0.0 0.13 0.07 0.27

https:/doi.org/10.1371/journal.pone.0220935.1004




Limits of quantification

“*The lower limit of detection (LLOD) is the smallest amount of an analyte that can reliably be
detected. LLOD is also called analytic sensitivity. In practical terms, LLOD is the lowest level of
analyte that can be statistically distinguished from a blank sample.STD2 was serially diluted (1:2,
1:4, and 1:8) and measured three times in a 5-fold determination with a CV of 5%, 10%, and 27%

f|t The lower limit of quantification (LLOQ)

s The calculated back mumber of replicate [amolL]
m eaS u re d CO m parEd WI th data set STD theor. ¢ [nmol/L] 1 2 3 4 5 Mean c [nmol1] | CV [%] | R [%]

: : STD2 (1+1 0.5 040 | 042 | 036 | 041 | 036 0.4 6% | 78%
theoretical concentration was b
1 STD2 (1+3) 0.25 035 | 041 | 042 | 044 | 048 0.4 10% | 168%
0 0 0 o o

88%, 146%, and 125%. STD2 (1+7) 0.125 012 | 009 | 013 | 0.09 | 018 0.1 27% | 98%
Lower limit of quantification. 0.5 5% 1%

- 0.4 7% | 161%

Samples Mean theoretical conc. [nmol/L] | Mean measured conc. [nmol/L] | CV [%)] Backfit [%] =53 200% | 125%

STD2 (1:2) 0.5 0.44 5 88 os T

LLOQ STD2 (1:4) 0.25 0.37 10 146 0.3 10% 110%

STD2 (1:8) 0.125 016 27 125 0.2 25% 152%

0.44 5% 88%

SD, standard deviation; LLOQ), lower limit of quantification ° °
0.37 9% 146%

https://doi.org/10.1371/journal.pone.0220935.t005

0.16 27% 125%




Linearity & Range

+ Linearity:
Is defined as the determination of linear range of quantification (ideal regression coefficient of
1).

+ Range:
The interval between upper and lower levels has been demonstrated to be determined with
precision, accuracy, and linearity.



Dilution linearity

» Dilution linearity is assessed to ascertain that the employed antibodies show the same binding
characteristics to the endogenous analyte and the calibrator (recombinant mouse protein).

» To measure valid sample concentration, the calculated recovery of diluted samples should be in a linear
range of 100% + 25%.

» For the determination of dilution linearity, serum and plasma samples were spiked with 25 nmol/L
recombinant protein and diluted 1:2, 1:4, and 1:8.

» A mean dilution recovery of recombinant protein in serum of 108% (103-119%) for the 1:2 dilution,
117% (107-130%) for the 1:4 dilution and 114% (108-124%) for the 1:8 dilution was calculated.

» Spiked plasma samples have a mean dilution recovery of 101% (96-113%) for 1:2, 106% (101-113%)
for 1:4, and 106% (95-116%) for 1:8 dilution.

»Endogenous protein was diluted 1:2 and 1:4 in serum and plasma samples and calculated mean recovery
was 102% (95-112%) and 86% (71-96%) for serum and 110% (94-130%) and 108% (85-133%) for
plasma, respectively.



plasma

serm

Dilution linearity cont.

Dilution linearity of samples spiked with recombinant Protein

reference: sample +
25nmol/1 spike 1+1 1+3 1+7 1+1 1+3 1+7
sample ID ¢ [nmol/1] ¢ [nmol/1] | ¢ [nmol/l] | ¢ [mnmoll] | dil R [%)] |dil R [%]| dil R [%0]

P1 16.0 7.8 4.6 2.4 97% 117% 107%
P2 17.6 8.9 5.1 3.0 101% 113% 119%
P3 24.5 12.2 6.4 3.3 99%p 105% 103%
P4 25.1 (7)1 ] 6.1 Skl 96% 101% 103%
PS 22.0 12.4 6.4 3.4 113% 103% 107%
P6 24.4 11.9 6.2 2.9 98% 103% 95%
27 24.1 12.2 6.2 3.3 102% 101% 105%
S1 30.09 17.84 9.77 4.27 119% 130% 114%
S2 33.82 17.81 9.06 4.57 105% 107% 108%
S3 30.56 16.51 8.65 4.41 108% 113% 115%
S4 29.63 15.5§ 8.78 3.99 105% 119% 108%
S5 28.98 15.41 8.41 4.49 106% 116% 124%
S6 28.85 15.95 8.55 4.22 111% 119% 117%
S7 30.11 15.49 8.65 4.13 103% 115% 110%




Dilution linearity cont.

Dilution linearity of endogenous

reference 1+1 1+3 1+1 1+3 150
samplelD | c[nmol/l] | c [nmol/l] (c[nmolll]| dilR[%] | diIIR[%]  —

P1 55 26 14 94% 103% | = v o ©

P2 5.4 28 1.5 103% | 108% 5125' .. v _u_ ) oo °
© P3 2.0 11 0.7 109% | 133% | 3 * ooy v —
% P4 16 11 04 | 130% | 100% | § 100{ssw .a: ":vF 5% o %°
ry P5 1.7 0.9 0.4 12% | 104% | § —o— °

P6 15 0.8 0.3 112% 85% | 5 757 o7

P7 24 14 0.7 14% | 123% | ©

S1 4.0 22 0.7 108% 71% 50— . ; . ; . . . : :

s2 38 19 0.7 100% 75% LI R, G T SR T
E 22 :; z: ;; 1?:; 2?: rec in plasma rec. in serum endogenous endogenous
@ S5 39 19 0.9 98% 91% s plasma

S6 27 15 06 112% 96%

s7 5.0 24 1.1 95% 90%




Sample stabillity

v Sample stability: The chemical stability of an analyte in a given matrix under specific
conditions for given time intervals.

v Sample handling before analysis has the potential to dramatically influence the results of a
measurement. For this reason, It IS important to investigate If different storage conditions
contribute to systematic errors to provide clinicians with adequate sample collection and
transport instructions.




Stability of the endogenous and recombinant Protein

The freeze/thaw stability of undiluted endogenous protein and recombinant standards was
assessed. Recombinant mouse protein (Fig A) and also endogenous protein in serum (Fig B)
were found to be stable for at least four freeze-thaw cycles with a CV between the
measurements of 1-4% and 1-10%, respectively.

A
F. B
30 & 2xFIT — 61 - 1xFT —
25 3x FIT 5- 3x FIT ]
— o axFIT —— % B 4xFIT )
4 20 | g 4 B
o = 0
8 1.54 d 3 h—
|| 1.0- 2 7 :
) —
L 0.5+ O M ,
00 x ) A ° ) N -] T “ ] A h
— 1% ] o — @ @ @ @ @ @ @ —_—
Q Q Q < Q Q 3 N 3 N
& & & g & & I T A L
A. Delta OD of recombinant protein (STD 2-7) (B) concentration (nmol/L) of endogenous protein (sample

1-7) subjected to up to four freeze/thaw (F/T) cycles.



Specificity

Verify that the test system does not cross-react with non-target molecules,
closely related metabolic products, and homologous interfering molecules.

Proportion of true negatives all negatives.

Number of true Negatives
=Percent

Number of true negatives + Number of false positives



Specificity, cross-reactivity

o Specificity iIs the ability to assess unequivocally the analyte and is one of the most important characteristics
for reliable and reproducible measurements.

o Both used antibodies need to predominantly bind to mouse and rat protein and should interact neither with
other unspecific components of the sample matrix nor with structurally related compounds.

o Sigr Specificity of ELISA for mouse and rat samples. 100%)
for r Samples (n) Mean conc. [nmol/L] w/o competitor Mean conc. [nmol/L] Mean Jicates
that t with competitor competition %

M Mouse serum (8) 4.0 0.0 100
ou
Mouse plasma (8) 2.9 0.1 98 B
samy Rat serum (5) 1.5 0.0 100 %]
. Conc., concentration; w/o, without ]
S3 4.7 0.00 100% R2 1.65 0.0 100% P4 5.4 0.3 95%
R3 1.43 0.0 100%
S4 4.2 0.00 100% P6 2.0 0.1 97%
R4 1.47 0.0 100%
S5 34 0.00 100% R5 213 0.0 100% P7 1.6 0.0 100%
s6 3.9 0.00 100% Mean 15 0 100% P8 17 0.0 99%
s7 27 0.00 100% P9 15 0.0 100%
S8 5.0 0.00 100% P11 2.4 0.1 96%
Mean 4.0 0 100% Mean 2.9 0.1 98%




Specificity, cross-reactivity cont.

= A further approach to prove the specificity of a sandwich RecomPbmnantproteins(conc.30ng/ml

Immunoassay IS cross-reactivity testing. The measured values of six 0D nmolL
human (Prot.H1, Prot.H2, Prot.H3, Prot.H4, Prot.H5 and Prot.H6), ProtHI 0.051 <0.00
seven mouse (Prot.M1, Prot.M2, Prot.M3, Prot.M4, Prot.M5, Prot.M6 |  Prom2 0.051 <0.00
and Prot.M7) and two rat (Prot.R1 and Prot.R2) proteins were below ProtH3 0.044 <0.00 E
background, although the used concentration of 50 ng/ml was more ProtH4 0.046 000 | E
than 76 fold above the highest mouse Protein standard with 0.65 ng/ml. o e S0t o0
Therefore, neither cross-reactivity nor interferences with these proteins ' '
In the ELISA were observed. ProtH6 0.053 <0.00
Cross-reactivity with or interference of other proteins
Prot.M1 0.049 <0.00
Recombinant Recombinant Recombinant rat
| human mouse ProtAM? 0.050 <0.00
Recombinant Prot. (Reference) Prot.H1 Prot.M1 Prot.R1 ProtM3 0.050 <0.00 o
OD nmol/L Prot.H2 Prot.M2 Prot.R2 =
32 1.776 32 = 0.65 ng/ml mEst Prot. H3 Prot. M3 FrotM4 0.044 =0.00 E
0 0.046 0 ' ' Prot M5 0.040 <0.00
Prot.H4 Prot.M4
ProtM6 0.044 <0.00
Prot.H5 Prot.M5
ProtM7 0.048 <0.00
Prot.H6 Prot.M6
Prot.M7 Prot.R1 0.046 <0.00




Selectivity

Selectivity: The ability of the bioanalytical method to measure and differentiate the analytes in

the presence of components that may be expected to be present




Selectivity

» The terms “selectivity” and “specificity” are often used interchangeably while their
significances are different.

» Selectivity Is something that can be graded while specificity is an absolute characteristic.

» Specificity can be considered as the ultimate selectivity. For this reason, selectivity should be
preferred and is the recommended terminology.

» Of the different validation parameters, the selectivity is in principle the only one for which a
certain amount of knowledge about the analyte and related substances is demanded.



Reading Time validation

You should evaluate test results at reading times fourfold below and three-fold above the

recommended reading time.

v'For example, for a test where the recommended read time is 20 minutes, performance of

the test should be evaluated at read times of 5, 10, 15, 20, 30, and 60 minutes.

v" If incorrect results are observed, the sponsor should propose adequate mitigations for

how the incorrect timing can be addressed



Sample Volume validation

You should evaluate test results at sample volumes two times below and two times above the
recommended sample volume.

For example, for a test where the recommended sample volume is 10 uL, performance of the
test should be evaluated at sample volumes of 5, 10, and 20 L.

If incorrect results are observed at either 5 or 20 uL, additional testing at 7.5 and/or 15 pL
may be recommended.

The diluent/buffer amount should be that specified in the instructions for use.



Sample Diluent Volume validation

You should evaluate test results at diluent/buffer volumes at two times below and two times
above the recommended diluent/buffer volume.

For example, for a test where the recommended buffer/diluent volume is 2 drops, sample
diluent volume testing would be performed to evaluate at least sample diluent volumes of 1,
2, 3, 4 drops.

The sample volume added should be that specified in the instructions for use.




Temperature and Humidity validation

You should evaluate test results at temperature and humidity extremes that are likely to occur
In the lab.

v'FDA recommends evaluating at 40°C and 95% relative humidity (RH) to mimic a hot and
humid climate.




Light validation

You should evaluate test results in different lighting conditions that would be expected during

POC (Point Of Care) use of the device, including fluorescent, incandescent, and natural

lighting mimicking the outside environment.




Disturbance during analysis validation

You should evaluate the effect on expected test results of:
v'moving the device while the test is running,
v"dropping/moving the test,
v'unplugging the test,

v'receiving a phone call while the mobile app is running, etc.




Unique test characteristics evaluation

You should evaluate unique device characteristics, as determined by a robust risk analysis.

For example, if the device is intended to be run upright, we recommend evaluating test results if
the device is used horizontally.

If the device is to be used with an instrument, we recommend evaluating environmental
stability of the electronics.




Variation

In any set of repeat measurements, it IS expected to have a certain degree of variability
when establishing control ranges. We use control materials to detect variability in our test
methods. The variability which you observe in your control values from day to day may be
caused by several factors such as different technologists performing the same test at

different times of the day.



Random Error

+ An error that varies in an unpredictable manner, in magnitude and sign, when a large

number of measurements of the same quantity are made under effectively identical
conditions.

+ Examples of random errors include errors in pipetting and changes in the incubation
period.

+ Random errors can be minimized by training, supervision, and adherence to standard
operating procedures.



Systematic Error

» Systematic errors create a characteristic bias in the test results and can be accounted for by
applying a correction.

» Systematic errors may be induced by factors such as variations in incubation
temperature, blockage of plate washer, change in the reagent batch, or modifications in
the testing method.



Monitoring and Maintenance

Once the ELISA protocol has been validated, it must be monitored and
maintained to ensure that it continues to produce accurate and reliable
results. This involves regular testing of control samples, monitoring of

reagents and equipment, and regular calibration of equipment.



Documentation

» All the steps involved In designing, optimizing, and validating the ELISA

protocol must be documented.

» The documentation should include the protocol (SOPs), the optimization

results, the validation results, and any deviations from the protocol.

» The documentation must be kept in a secure location and made available

to regulatory authorities upon request.



Validation Report

If a laboratory is, or plans to be, accredited to some international standard
there is usually a high demand for documentation. For example, to comply

with the standard 1SO 15189 “The laboratory shall record the results

obtained and the procedure used for the validation




Parallelism

determines whether actual samples containing high endogenous analyte concentrations
provide the same degree of detection in the standard curve after dilutions. This signifies
differences in antibody binding affinity to the endogenous analyte and standard/calibration
analyte.

Parameter Description Acceptance Criteria Formula
Provides confirmation that the %Parallelism = (measured
analyte is recognised in the concentration/(previous

Parallelism natural sample in the same way 75-125% measured value in the
as in the standards, measured dilution series/dilution
with neat samples factor)) x 100



Parallelism

v" Conceptually parallelism and dilution linearity are similar.

v The major difference is that in the dilution linearity experiments, the samples are spiked with
the analyte to such a high concentration that after dilution the effect of the sample matrix is
likely to be negligible.

v" For parallelism, on the other hand, no spiking is allowed but only samples with high
endogenous concentrations of the analyte must be used. However, the concentrations must be
lower than the ULOQ.

v"The goal of investigating the parallelism is to ascertain that the binding characteristic of the
endogenous analyte to the antibodies is the same as for the calibrator.



Cont.

Procedure:

 ldentify at least 3 samples that display a high concentration of endogenous analyte, but not
exceed the upper limit of quantification in the standard curve.

s Perform 1:2 serial dilutions using sample diluent until the predicted concentration falls below
the lower limit of quantification of the standard curve.

“» Analyze neat and diluted sample OD while factoring in dilution factors. Only use samples
within the standard curve limits.

“» Determine mean concentrations of samples with dilutions factored in and calculate % CV.

%CV within 20-30% of expectations generally display successful parallelism,



Recovery

The spiking recovery test, a method to evaluate the accuracy, was analyzed by adding a known
amount of analyte to the sample matrices, such as serum and plasma. Recovery was calculated by
comparing the observed concentration as determined by ELISA and the expected concentration by
summation. Low, medium, and high concentrations of analyte are spiked into all validated sample
types and then analyzed for recovery. The results are expressed as a percentage of analyte
recovered. Our acceptance range for the recovery is 80-120%. Low, medium, and high
concentrations of recombinant human protein were used as the spike In the spike and recovery

experiments.

Sample Average Recovery (%) | Range (%)
Serum from healthy human 97 95-103
Plasma (heparin)from healthy human 95 92-102
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