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Training module 4
Part 1: single-dose assays

Part 2: combination of assay results
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Data entry – quantitative data 
E.g. immunogenicity test in mice

or

Unique dose repeated in different columns 
(or rows)
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Data entry – quantal data 
E.g. in vivo test

Aggregated 
data (r/n)

Individual 
data
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“Show design” option
Quantitative data Quantal data (e.g. individual data)
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Descriptive plot
Quantitative data

Mean value

Individual data points

Rate (r/n), e.g. 20/28 = 71.4%

15/28 = 53.6%

10/28 = 35.7%

Quantal data (aggregated)

Quantal data (individual)

15/28 = 53.6%

15 infected mice 
(coded 1) 

13 non-infected 
mice (coded 0) 

Jittering to prevent overplotting
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Statistical test – quantitative data

A test comparing the location of the data of the preparations

Location = means  t-test (2 preps), multiple comparisons test (> 2 preps)

Assumption: data should be normally distributed (Gauss distributions)

May not be the case for some bioassays…
E.g. immunogenicity test in mice 
(antibody units) – normal distributions?

CombiStats approach: a test applicable to any distribution 
(distribution-free statistics); data from a completely 
randomised design

 Wilcoxon-Mann-Whitney test
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Wilcoxon-Mann-Whitney test
Compares the distributions of results from two preparations

Principle: the values, listed in ascending order, will alternate between the 2 
preparations if their underlying distributions are equal

Data in ascending order. Do they alternate between the 2 prep?
Not really… (have a look at the descriptive plot too)

p-value ≤ 0.05 (usual significance threshold)  the 2 distributions of 
results differ significantly

Rank 
approach

Std data in position (rank) 
1, 2, 3, 4, 6 and 8

Sample data in position 
(rank) 5, 7, 9, 10, 11 and 12 



©
 E

D
Q

M
 2

02
5

Wilcoxon-Mann-Whitney test
Is useful in a case of skewed data: the rank approach relaxes the effects of extreme values

Has many advantages over parametric methods (e.g. t-test)
- No assumptions on normality nor homoscedasticity have to be made

- Applicable to various types of responses:

 Quantal data (yes/no, e.g. lethal challenge)

 Scores (e.g. intradermal challenge)

 Quantitative data (e.g. ELISA absorbances)

 Mixed data (e.g. quantitative data with a category “below detection limit”)

- Not sensitive to outliers

- No transformation of responses is necessary

- In many practical cases, it is statistically more efficient than the t-test

However, for a single-dose assay to be valid, the condition of similarity of dose-response curves 
must be fulfilled

Vero cell assay: values < LOD set to 0
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Limit tested

p-value ≤ 0.05 (usual significance threshold)  the 2 distributions of 
results differ significantly

More precisely, Sample 1 has a potency 
significantly higher than 0.5 unit/dose

From 
Table 1𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 =

1 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

×
1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
2 𝑚𝑚𝑚𝑚

×
0.5 𝑚𝑚𝑚𝑚

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
×

1
1

×

1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
1 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ×

1 𝑚𝑚𝑚𝑚
1 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 ×

1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
0.5 𝑚𝑚𝑚𝑚 ×

1
1

From 
Table 2

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 0.5

See the note for guidance, page 
5 for further examples
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Example 1
Multiple-dose assay

The signal increases with 
the dose (positive slope)

Single-dose assay

positive slope The potency of Sample 1 is significantly 
higher (p=0.001) than 5000 IU/mg
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Example 2
Multiple-dose assay

The signal decreases with 
the dose (negative slope)

Single-dose assay

negative slope The potency of Sample 1 is significantly 
lower (p=0.001) than 5000 IU/mg
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Limit test interpretation
It is only possible to determine if the potency of the test preparation is lower 
or higher than the limit value if the signal-dose relationship is known

E.g. Immunodiffusion test:
 Limit value = 16700 IU/vial (p-value ≤ 0.001) 
 Results of the test preparation are higher than those of the standard.
  The test preparation contains significantly [more]/[less] (please choose) than 16700 IU/vial
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Example 3
The Wilcoxon-Mann-Whitney test also applies to quantal data

(the test corresponds to the Fisher’s Exact test)

For which interpretation?

Standard Potent lot Sub-potent lot
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Example 4
The calculation time of the exact p-value increases significantly with the number of data

An approximated p-value based on the normal 
approximation with correction for ties is reported

Exact p-value = 0.043
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Example 5 (1)
From multiple-dose assay…        to   
 single-dose assay…

Lethal challenge (n=48 mice/lot)

A lower confidence limit
≥ 32 IU/dose is required

Potency estimate & UCL not 
strictly needed and come at 

a high cost (48 mice/lot)

Is a single dose assay a 
better option?

Ph. Eur. 
monograph

If the lethal challenge assay was restricted to one dose, more 
than 12 mice/lot would be needed, but not as much as 48…
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Example 5 (2)
Expected rates: Standard 1 IU: 40% ; Vaccine lot 2.5 IU: 75%

Let’s run the single-dose assay with n = 24 mice/lot

The most probable observed rates (Binomial dist.) are:
Standard: 10/24 (42%) and Vaccine lot: 18/24 (75%)

p-values are ≤ 0.05 in 30/40 (75%) 
cases, ≤ 0.10 in 35/40 (88%) cases

p-values
40 rates with a higher probabilities of occurrence

Proba. of occurrence 
(10/24; 18/24 as ref.)
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Dose selection, limit test
1. Official requirements determine the best ratio between doses

“A lower confidence limit ≥ 32 IU/dose is required”

Assigned potency = 80 IU/dose
 Ratio = 80/32 = 2.5

2. Experience determines the best absolute doses

Std: 2.0 IU, Spl: 5.0 IUStd: 0.8 IU, Spl: 2.0 IU

Doses leading to the best 
discrimination can be selected

Good choice:
max. difference in 

expected responses
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Dose selection, limit test
1. Official requirements determine the best ratio between doses

“A lower confidence limit ≥ 32 IU/dose is required”

Assigned potency = 80 IU/dose
 Ratio = 80/32 = 2.5

2. Experience determines the best absolute doses

Std: 2.0 IU, Spl: 5.0 IUStd: 0.8 IU, Spl: 2.0 IU

Doses leading to the best 
discrimination can be selected
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Combination of assay results

Purpose: from n valid assay results to one result 

Are estimates derived from independent assays?

Ph. Eur. Chapter 5.3 Statistical analysis of 
results of biological assays and tests

Execution of either does not affect the probabilities of
the possible outcomes of the other

e.g. different runs, different days, different working solutions, ...

Assays on successive days 
using the original and retained dilutions of the standard are

not independent assays.

Combination approach differs for independent and not independent assays
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Three types of combination of assay results

26

Independent assays?

Enough measurements? 

Statistic C close to 1? 

Estimates homogeneous?

Weighted 
combination

Semi-weighted 
combination

Unweighted 
combination

yes

yes

yes

yes
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Homogeneity test

The assay can be considered homogeneous 
if the variance between the individual estimates is not greater than those 

predicated 
by the individual confidence intervals

Evaluation based on p-value of χ² distribution:
• p-value >0.10 => potency estimates sufficiently homogeneous
• p-value ≤0.10 => potency estimates heterogeneous
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Unweighted combination

𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 ± 𝒕𝒕 ∗ 𝑺𝑺𝑺𝑺

𝑡𝑡 Student’s statistic for n-1 
degree of freedom (n number

of assays)

𝑆𝑆𝑆𝑆 standard error of mean

𝑆𝑆𝑆𝑆 =
1
𝑛𝑛 𝑆𝑆𝑆𝑆

n is usually low

Large confidence interval

Critical values of the t-distributionUnweighted 
combination
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Weighted combination

Weighted 
combination

𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 ± 𝒕𝒕 ∗
𝟏𝟏

∑𝑾𝑾

𝑊𝑊 weight calculated based on  
individual confidence interval

𝑊𝑊 =
4𝑡𝑡𝑡

(𝑈𝑈𝑈𝑈𝑈𝑈 − 𝐿𝐿𝐿𝐿𝐿𝐿)²

𝑡𝑡 Student’s statistic with DF equal to 
the sum of DF of residual error

Estimation of weights

𝑊𝑊 =
1

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
=

1
𝑆𝑆𝑆𝑆𝑆

 

µ
µ+t*SDµ-t*SD

95% CI

𝑼𝑼𝑼𝑼𝑼𝑼 − 𝑳𝑳𝑳𝑳𝑳𝑳 = µ + 𝒕𝒕 ∗ 𝑺𝑺𝑺𝑺 − µ − 𝒕𝒕 ∗ 𝑺𝑺𝑺𝑺
          = µ + 𝒕𝒕 ∗ 𝑺𝑺𝑺𝑺 − µ + 𝒕𝒕 ∗ 𝑺𝑺𝑺𝑺

= 𝟐𝟐 ∗ 𝒕𝒕 ∗ 𝑺𝑺𝑺𝑺

(𝑼𝑼𝑼𝑼𝑼𝑼 − 𝑳𝑳𝑳𝑳𝑳𝑳)
𝟐𝟐 ∗ 𝒕𝒕

= 𝑺𝑺𝑺𝑺

UCLLCL

More weight is given to the more 
precise results
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Semi-weighted combination

Semi-weighted 
combination

Intra- and inter-assay variation

Enlarged confidence interval
𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 ± 𝟐𝟐 ∗

𝟏𝟏
∑𝑾𝑾𝑾

𝑊𝑊 weight calculated based on  
intra- and inter-assay variation

𝑊𝑊′ =
1

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎2 + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

intra-assay variation

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =
1
𝑊𝑊

same  𝑊𝑊 as calculated for 
weighted combination

inter-assay variation

𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑟𝑟2 =
∑ 𝑀𝑀 − �𝑀𝑀 2

𝑛𝑛 − 1 −
∑ 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑛𝑛

𝑛𝑛 number of assays
𝑀𝑀 assay estimate
�𝑀𝑀 mean of estimates
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Three types of combination of assay results

Weighted 
combination

Semi-weighted 
combination

Unweighted 
combination

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ± 𝑡𝑡 ∗ 𝑆𝑆𝑆𝑆

n number of results
𝑡𝑡 Student’s statistic for n-1 

degree of freedom
SE standard error of mean

Weighted 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ± 𝑡𝑡 ∗
1

∑𝑊𝑊

𝑡𝑡 sum of DF of residual errors
𝑊𝑊 weight calculated based on  

individual result only

Weighted′ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ± 2 ∗
1

∑𝑊𝑊′

𝑊𝑊𝑊 weight calculated based on  
intra-and inter assay variation

Smaller confidence 
interval

Enlarged confidence 
interval

Usually larger 
confidence interval

Combined potency estimates are different (depending on weights)
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Combine assays in CombiStats online
Select the assays in a folder

Or combine opened assays

Condition for combination:
- analysis results should be present
- assay must be published 

For sigmoid curve models 
potency estimates or effective doses 

can be combined 
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Available Options
Only fields Remark, Combine by and Confidence level for 

combination can be modified

The content of Information about assays and Potency 
results cannot be modified

One or more potency results can be excluded by double-
click

Integer between 80 and 99

Once the options chosen, run the analysis

Available combinations

https://combistats.edqm.eu/help/
EN17 Combination of Assay Results 

https://combistats.edqm.eu/help/
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Arithmetic and geometric combination

Geometric combination

CombiStats software 

applies log-transformation to estimates and 
confidence limits,

performes calculations on the log-scale, 

appies anti-log-function on final results

Arithmetic combination

If the estimates are already on the log scale, 
no transformation prior to the combination

CombiStats software

performes calculations on the log-scale

If potency unit contains “log”, arithmetic combination only is displayed.
Otherwise, geometric combination presented by defaults. User has the 

possibility to change to arithmetic combination
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Combined results
Combined by Preparation

Potency units should be the same (case sensitive)
If potency values not the same, no  Rel. to Assumed/Assigned (%)
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Useful links

Helpdesk

https://helpdesk.edqm.eu/servicedesk/customer/user/login?destination=portals

 Institutional website

https://www.edqm.eu/en/lp-combistats

FAQs, privacy, security notices

https://combistats.edqm.eu/help/

User guide (sign in first)

https://combistats.edqm.eu/user-manuals/combistats_user_guide.pdf/

36

https://helpdesk.edqm.eu/servicedesk/customer/user/login?destination=portals
https://www.edqm.eu/en/lp-combistats
https://www.edqm.eu/en/lp-combistats
https://www.edqm.eu/en/lp-combistats
https://combistats.edqm.eu/help/
https://combistats.edqm.eu/user-manuals/combistats_user_guide.pdf/
https://combistats.edqm.eu/user-manuals/combistats_user_guide.pdf/
https://combistats.edqm.eu/user-manuals/combistats_user_guide.pdf/
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Thank you for 
your attention

Follow us on
edqm

@edqm_news

EDQMCouncilofEurope

http://www.linkedin.com/company/edqm
https://x.com/edqm_news
https://www.facebook.com/EDQMCouncilofEurope
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